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• »m  %t  A T%TMnt  ft  1T/^TJ 

wrciiuii  j.uii  taw  MA±n  imJuti/o 

FOR 

T-10980  TELEMETERING  RECEIVING  STATION 


■LBinUUUOliW 

31s  UoTidlx  T-10980  telemetering  receiving  stations  have  been  installed  in 
three  USAF  mobile  trailer.  Meteor  Motor  type  5-35,  (See  Figure  1)  and  the  purpose 
of  this  instruction  manual  is  to  facilitate  the  operation  and  maintenance  of  these 
stations  and  trailers. 

The  trailers  are  designated  as  trailer  No.  1,  USAF  091088s  trailer  No.  2, 

USAF  091100 j and  trailer  K'o.  3,  USAF  091133.  Trailer  No.'s  1 and  2 are  equipped 
with  tiro  complete  and  independent  telemetering  receiving  stations,  each  station 
capable  of  receiving  four  separate  telemetering  channel  frequencies.  Each  station 
consists  of  one  control  cabinet  and  four  receiving  cabinets,  each  of  the  four 
containing  a crystal-controlled  receiver.  Trailer  No.  3 differs  in  that  it  is 
equipped  with  one  four-channel  station*  plus  one  two  channel  station  r.h 5 ch  is  in- 
tended to  be  used  as  a standby  emergency  station.  This  standby  station  differs 
from  the  others  in  that  it  consists  of  only  two  receiving  cabinets.  The  receivers 
are  tuneable,  making  it  possible  to  use  either  of  these  channels  in  place  of  any 
one  of  the  twenty  crymud-controlled  channels  in  the  eventuality  that  a failure 
occurs.  The  receiving  stations  are  numbered  the  same  as  the  trailer  in  which  they 
are  installed  with  the  added  designation  of  *R*  or  *L*  for  right  or  left  station. 

This  manual  is  divided  into  two  carts*  Part  I,  T-10980  Telemetering 
Receiving  Station  which  will  deal  with  the  T-10980  station.  Part  II,  Mobile 
Telemetering  Receiving  Trailer  will  cover  the  installation  external  to  the 
T-10980  stations. 
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The  Bendix  YIO98O  Telemetering  Receiving  Station  provides  a reliable 
system  for  receiving,  demodulating  and  recording  telemetered  data,  Ths 
engineering  features  embodied  in  this  equipment  combine  to  produce  an 
unusually  hi^i  degree  of  reliability,  accuracy,  flexibility  and  easeof 
operation. 

Bendix  telemetering  receiving  station?  are  designed  to  receive  frequency 
modulated  radio  signals  employing  continuous  or  commutated  subcarriers,  the 
frequency  of  each  subcarrier  being  varied  in  accordance  with  the  quantity 
being  measured  (Pli/PU  telemetering  system).  A maximum  of  four  radio  fre- 
quency signals  each  modulated  with  three  subcarriers  can  be  received  and 
recorded  simultaneously  on  the  T-10980  Receiving  Station. 

The  station  receives  signals  in  the  frequency  range  from  23f>  to  260 
megacycles  per  second  which  have  been  frequency  modulated  by  up  to  th*  ee 
audio  subcarriers.  After  detection,  the  audio  subcarriers  are  separated  by 
band  pass  filters.  Each  subcarrier  is  then  fed  to  an  audio  discriminator. 

The  output  of  each  discriminator  is  an  electrical  signal  whose  sense  and 
magnitude  is  a function  of  the  deviation  of  the  subcarrier  from  its  nominal 
center  .frequency. 

The  output  signals  are  recorded  by  means  of  galvanometer  oscillographs. 

Frequency  determining  and  filter  components  are  supplied  for  a nominal 
modulation  range  of  of  center  frequency.  The  subcarrier  c alter 

frequeiivioa  employed  in  this  station  are* 


Band  1 
Band  2 
Band  3 


7.35KC 

10.f>KC 

1U.SKC 


Other  modulation  bandwidths  and  subcarrier  frequencies  may  be  employed 
by  substitution  cf  the  proper  frequency  determining  and  filter  components. 

Integral  vacuum-tube  voltmeter,  oscilloscope,  and  channel  selector 
switches  permit  visual  monitoring  of  any  subcarrier  channel.  A variable- 
frequency  oscillator  and  a counter^- type  frequency  meter  provide  rapid 
station  calibration  and  sub carrier  frequency  measurements.  Individual 
channel  controls  permit  independent  selection  and  adjustment  of  each 
channel. 
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Station  Layout  - See  Figure  2 and  3 

The  telemetering  receiving  station  consists  of  four  68  in.  cabinets, 
one  44s  cabinet,  and  two  oscillographs*  One  voltage  regulator  is 
suDTilifld  fAT*  w>r*h  two  stolons  -t^ticnc  *crc 

specifically  designed  to  mount  two  stations  to  a trailer. 

A station  assembly  is  shown  in  Figure  it.  The  first  three  receiver 
cabinets  are  identical  and  provide  mountings  for  the  following  units 
in  each  cabinet:' 


neguj.ax.eu  rower  oupp xy  X 
F1I  Receiver  1 
Subcarriar  Amplifier  1 
Discriminators  3 
Low  Pass  Filter  Chassis  1 
Blower  Panel  1 

The  fourth  cabinet  provide?  mountings  for: 

Monitor  Panel  1 
F¥  Receiver  1 
Subcarrier  1 
Discriminators  3 
Low  Pass  Filter  Chassis  1 
Blower  Panel  1 

The  UU**  cabinet  provides  mountings  for: 

Frequency  Meter  1 
Aidio  Oscillator  1 
Oscillograph  Control  Pan si  1 
Master  Power  Panel  1 
Small  Blowers  2 

raical  Characteristics 


Construction:  Heavy  gage,  welded  chassis  and  cabinets.  Standard 

19  inch  width  rack  mounting  panels.  All  units  are  supported  on 
slide  assemblies  and  fitted  with  handles  permitting  convenient  with- 
drawal for  inspection  and  maintenance.  In  addition  seme  units  can 
be  tilted  90*  when  withdrawn  from  the  cabinet  +o  further  improve  the 
accessibility.  Units  are  locked  into  positio  jy  a hinged  bar  which 
folds  over  the  edge  of  the  front  panels.  Dzus  Fas ten sr  Locks  permit 
•convenient  release. 

Finish;  Black  wrinkle  finish  with  chromium  trim  and  permanently 
engraved  lettering. 
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Figure  3 - Trailer  Receiving  Station  Looking  Aft 
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Figure  U - Receiving  Station  Assembly,  Project  1.3G 
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Connec tiuua j Connections  between  chassis  and  cabinet  are  provided 
by  a multi-c  endue  toi*  ping  mounted  on  the  chassis  which  engages  a 
receptacle  *wunt-'ad  at  the  rear  of  the  cabinet  when  the  chassis  slides 
into  operating  position.  Receptacles  are  wired  to  accessible  terminal 
blocks  located  on  the  bottom  of  the  cabinet*  intercabinet  connections 
are  made  between  these  terminal  blocks  and  routed  through  flexible 
conduit. 

Pcwer  Wiring:  The  main  AC  line  is  connected  to  the  Main  circuit 

breaker  located  on  the  Master  Parer  Panel  in  the  short  cabinet. 

W aV  i P 1 ^ WMM  t MM  J MM  AU  > Mm  «t  «—  MM  ■ — i-  — ”1  X A M M MM  M MMM  X M MM  U>  M- 

OX  OUtu  AW  XXiiOO  OAVOUU  Xl  UU1  UiiO  ■flXM  Vs  UU I/1V1  l/V  O DO|>«U  4 Wi  «CID  I/O  c 

circuit  breaker  in  each  cabinet. 


Temperature  Control*  Each  cabinet  is  equipped  with  a centrifugal 
blower.  Replaceable  dust  filters  are  mounted  at  air  inlets. 

2.0  Description  and  Function  of  Major  Units 


2.1  Elf  Receiver  See  Figure  5 

The  Fii/FM.  telemetering  signals  picked  up  by  the  antenna  are 
amplified  and  demodulated  by  a Clarke,  Model  I67E  receiver.  The 
receiver  output  is  a composite  subcarrier  signal  which  i3  fed  to  sub- 
carrier  amplifier  units  for  separation  of  the  individual  subcarrier 
signals.  The  output  also  is  fed  to  a speaker  tc  provide  aural  monitor- 
ing signals.  The  receiver  occupies  8=3 A"  of  vertical  mounting  space. 

2.2  Subcarrier  Amplifier  See  Figure  6 

Each  subcarrier  amplifier  unit  provides  for  separation  and  ampli= 
ficaticn  of  up  to  four  individual  audio  subcarrier  signals.  Oily  the 
first  three  channels  are  used  in  this  station.  Installation  of  the 
proper  plug-in  band  pass  filter  is  required.  Each  unit  requires 
S-lA  in.  of  panel  space. 

2.3  Band  Pass  Filters  See  Figure  6 

Plug- in  Band  pass  filters  mounted  in  the  subcarrier  amplifier 

ooe^  o TM'rfTT’i ri o ■Paw  ■ oa a q + S aw  aP  +V\a  ^ r.r^-1  ..  rf-nl  ^ 4 *1 

W.MMW  W MW  ^ M.  W * MrtM  W * V*  W »•  WA.  VIA  VMO  V XUUUX  UUUVOL  1 ^ V4  QX^UUti.lJ 

from  the  composite  subcarrier  signal. 


2.I4  Regulated  Parer  Sup 


See  Figure  7 


The  electronically  regulated  power  supply  which  provides  plate 
power  for  the  filter  amplifier  units,  is  conventional  in  design  and  is 
completely  contained  in  one  chassis  and  panel.  The  Power  Supply 
requires  8=3 A"  of  panel  space. 
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Figure  7 - Regulated  Power  Supply- 


Figure  8 - Pulse  Averaging  Discriro: 
and  Tuning  Unit 
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2*5  Discriminator  See  Figure  8 

The  TDA-li  discriminator  is  a pulse  averaging  instrument  which  is 
responsive  to  a frequency  modulated  subcarrier  audio  sxgnax< 
output  is  an  electrical  signal  whose  sense  and  magnitude  la  a function 
of  the  deviation  of  the  subcarrier  from  its  nominal  center  frequency* 
The  discriminator  requires  5-lA  n of  panel  space. 

2*6  Discriminator  Tuning  Unit  See  Figure  8 


The  discriminator  tuning  unit  determines  the  center  frequency  of 
operation  of  the  discriminator.  The  tuning  unit  plugs  into  a multi- 
conductor  receptacle  on  the  discriminator  chassis  and  is  locked  in 
position  by  D%u»  fasteners. 

2.7  Low  Pass  Filter  Chassis  See  Figure  9 

Low  pass  filter  chassis  provides  mounting  space  for  four  low  pass 
filters  and  a means  of  switching  filters  in  or  out.  Only  the  first 
three  channels  are  used  in  this  station.  The  L.P,  filter  chassis 
requires  10-1/2  in.  of  panel  space. 


2.8  Low  Pass  Filter  See  Figure  9 

The  output  signal  from  each  discriminator  maybe  fed  to  its  asso- 
ciated recording  galvanometer  through  a.  type  TFL-2A  loir  pass  filter 
to  reduce  noise  and  to  attenuate  at  the  discriminator  output  all  fre- 
quencies above  those  necessary  to  convey  the  telemetering  information. 
The  low  pass  filters  plug  into  the  low  pass  filter  chassis  and  are 
locked  in  position  by  Dzus  fasteners. 

2.9  Blower  Panel  See  Figure  10 

This  unit  contains  the  centrifugal  blower  with  dust  filters  and 
the  master  circuit  breaker  for  each  cabinet.  The  blearer  panel  re- 
quires 10— l/2  in.  of  panel  space. 

2.10  Monitor  Panel  See  Figure  11 

An  oscilloscope j vacuum  tube  voltmeter,  and  the  switching  nscoc^ 
sary  for  station  calibration,  and  maintenance  are  mounted  on  a 
12-l/ii  in.  panel.  By  means  of  the  switches  provided,  the  incut  for 
output  signal  amplitudes  may  be  measured  on  the  vacuum  tube  voltmeter, 
and  viewed  on  the  scope}  the  oscillator  output  may  be  switched  to  the 
subcarrier  amplifier  input  for  calibration,  and  the  SPUT  Meter  can  be 
switched  to  indicate  oscillator  output  or  subcarrier  output.  A switch 
is  also  provided  to  control  the  recording  oscillograph  drive  motor. 


* 
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Figure  9 - Low  Pass  Filter  Chassis  and 
Low  Pass  Filters 


Figure  11  - Monitor  Panel 
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Figure  10  - Blower  Panel 


Figure  12  - Berkeley  EPUT  Meter 
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2.11  Frequency  Meter  See  Figure  12 

A counter- type  frequency  meter  registers  the  number  of  sine  wave-  or 
pulses  rhich  occur  in  an  internal  of  nne  second.  A single  count,  may  be 
displayed  continuously  or  the  count  maybe  repeated  at  approximately  two 
second  intervals.  The  frequency  meter  requires  8“3/itn  of  panel  space* 

2.12  Audio  Oscillator  See  Figure  13 

Tho  audio  oscillator  provides  a source  of  sine  wave  audio  frequency 
signals  for  calibration  and  test  of  the  various  subcarrisr  units  in  the 
telemetering  receiving  station.  The  audio  oscillator  requires  6-3/u  in. 
of  panel  space. 

2.13  Oscillograph  Control  Panel  See  Figure  UU 

The  oscillograph  control  panel  provides  level  control,  polarity 
revelling,  signal  interruption  and  patching  .lacks  for  a total  of 
eighteen  channels.  The  oscillograph  control  panel  requires  lu  in. 
of  panel  3pace. 
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Figure  lit.  - Oscillograph  Control  Panel 
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SECTION  II 
THEORY  OF  OPERATION 


1»0  General 


The  Bend  lx  Y10980  FVt/pli  telemetering  receiving  station  employ’s 
conventional  and  proven  circuitry.  The  design  objectives  have  bean 
accuracy,  stability,  and  ease  of  operation.  Use  has  been  made  of 
recent  developments  in  the  telemetry  field  where  evaluation  has  in- 
dicated that  use  of  such  developments  would  enhance  system  re?liability. 

The  discriminator  employs  the  pulse  averaging  type  of  circuitry  in 
order  to  provide  increased  stability,  lew  drift  with  or  without  .a  signal, 
and  a high  degree  of  linearity.  The  operating  procedure  has  been  simpli- 
fied by  concentrating  the  most  frequently  used  controls  in  one  area.  A 
block  diagram  of  the  Y10980  receiving  station  is  shewn  in  Figure  15. 

The  radio  frequency  FH  signals  are  received  by  special  purpess 
receivers,  the  outputs  of  which  contain  the  audio  frequency  PM  signals. 
These  audio  frequency  PM  signals  are  fed  into  the  subcarrier  amplifiers, 
which  amplify  and  separate  these  signals  into  th6ir  respective  bands* 

These  separated  signals  are  then  fed  into  discriminators,  one  for  each 
hand.  iue  discriminator  demodulates  the  audio  frequency  Fli  signal 
producing  an  electrical  signal  whose  3en3e  and  magnitud  0 13  a function 
of  the  deviation  of  the  subcarrier  from  its  nominal  center  frequency, 
and  with  proper  adjustment  of  the  complete  3y3tem  i3  a replica  of  the 
original  signal  being  telemetered.  Provision  is  made  to  obtain  a 
permanent  record  of  this  signal  by  connecting  the  output  of  the  dis- 
criminator to  a recording  galvanometer  through  a lew  pass  filter,  to 
remove  any  undesired  noise,  a reversing  switch,  for  convenience  in 
reversing  the  deflection  of  the  galvanometer,  a "T"  pad,  to  control  the 
level,  and  a switch,  to  interrupt  the  signal.  Te3t  equipment  has  also 
been  included  as  part  of  the  station  for  convenience  in  calibration 
and  maintenance.  The  fell  owing  units  are  supplied:  an  oscillator  to  preside 

a calibration  signal,  a frequency  melier  for  accurately  determining  the 
frequency  of  the  calibration  or  received  signal,  and  a monitor  panel 
consisting  of  a VTVM  and  Scope,  associated  with  the  necessary  switches 
to  provide  a convenient  means  cf  calibration  and  check  of  the  station. 

2.0  Model  167-E  Clarke  Receiver 
2r!  General 


The  special-purpose  receiver  is  designed  for  a telemetering  system 
employing  a radio  link  and  receiving  intelligence  in  the  form  of  fre- 
quency-modulated signals.  The  specified  tuning  range  is  from  180  to 
260  me.  See  Figure  16.  Same  of  the  receivers  used  have  been  modified 
for  fixed  frequency  operation-,  by  the  addition  of  a crvstal  controlled 
oscillator. 

The  antenna  circuit  is  arranged  for  single  or  unbalanced  input. 
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i6  - Schematic,  Modified  Clarke  Receiver  with 
Crystal  Controlled  Oscillator 
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The  basic  tuning  element  around  which  the  front  end  assembly  is 
designed  is  a standard  Mallory  S— U Spiral  Indue tuner.  A stop 
assembly  is  arranged  to  restrict  rotation  of  the  spiral  tuner  to  the 
last  one  and  one  quarter  clockwise  turn  of  its  normal  5-  turn  rotation. 
The  signal  frequency  is  tuned  by  L-101  and  the  input  capacity  of  the 
6jl*  ulus  wiring  capacities.  A double  tuned  band— pass  circuit.  is  used 
between  the  6J1+  r-f  amplifier  and  the  6AK5  mixer  to  provide  high  image 
and  i-f  rejection.  The  coupling  between  the  two  circuits  is  capacitive 
and  consists  of  ClQij,  CIO?,  and  C106.  C105  is  adjustable  to  provide 

accurate  control  of  bandwidth.  The  6Jlj  Rf-F  stage  is  operated  at 
maximum  gain  at  all  times  to  produce  maximum  signal— to-noise  ratio. 

Bias  for  the  6AK5  mixer  is  obtained  from  the  local  oscillator.  This 
method  produces  more  uniform  operation  at  ail  frequencies,  allows  for 
considerable  variation  in  local  oscillator  amplitude  due  to  tube  aging. 
A.F.C,  pulling,  etc.,  and  allows  direct  grounding  of  both  cathode 
terminals  to  minimize  cathode  lead  inductance  and  produce  maximum  input 
resistance,  which  is  necessary  at  these  frequencies.  The  mixer  is  pentode 
connected  to  prevent  distortion  of  the  I-F  response  due  to  changes  in 
plate  resistance  which  may  be  caused  by  variation  of  local  oscillator 
amplitude,  tube  aging,  etc.  A rather  unconventional  oscillator  con- 
figuration is  used  because  of  the  high  frequency  of  operation  and  the 
necessity  of  A.F.C. 

The  oscillator  circuit  n««d  is  essentially  a Colpitts  with  an  un- 
bypassed resistor  connected  in  the  cathode  to  damp  tube  resonance.  The 
A.F.C.  reactance  tube  is  connected  directly  across  the  combination  of 
the  grid-plate  capacity  and  a 27  ohm  carbon  resistor.  Input  resonance 
in  the  reactance  tube  is  not  damped  by  the  cathode  resistor  since  the 
grid  circuit  must  return  to  the  cathode.  The  use  of  a small  resistor 
(27  ohms)  iit  the  grid  circuit  extends  the  operating  range  through 
285  me.  A.F.C.  may  be  turned  on  or  off or  supplied  from  an  external 
source  by  a front-panel  control. 

The  crystal-controlled  oscillator-.  See  Figure  16,  which  is  used 
when  fixed-frequency  operation  of  the  Clarke  receiver  is  desired, 
employs  an  overtone  crystal  in  a cathode-coupled  circuit,  and  three 
type  CK5703  subminiature  tubes. 

The  crystal  frequency  was  chosen  so  that  adequate  oscillator 
injection  could  be  obtained  by  doubling  twice.  A test  to  determine 
optimum  oscillator  injection  for  maximum  sensitivity  shewed  that  the 
optimum  value  of  oscillator  voltage  was  between  h and  $ volts,  and  that 
the  injection  voltage  could  vary  from  3.0  to  6.0  volts  with  about  a 
10£  loss  in  sensitivity. 

The  link  coupling  and  double-tuned  coupling  circuit  employed 
permits  adjustment  of  the  link  eo  that  the  optimum  value  of  oscillator 
voltage  may  be  obtained  upon  installation  in  the  receiver.  A high 

• ' - — — - — — — — 4*  — 1— • « -A-  «•«.  4 m » <4  4"  m Ahe  maa  A ^ v* i ^ 
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voltage  at  TP117.  Since  TP117  is  the  midpoint  of  the  mixer  grid  . 
resistor,  whatever  voltage  is  observed  must  be  multiplied  by  two  to 
obtain  the  correct  injection  voltage. 
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Ths  r— f unit  is  a complete  asje  _>ly  with  input  and  output  signals 
available  through  coaxial  connectors  and  with  newer  and  A.F.C.  leads 
through  a small  cable. 


The  i-f  amplifier  is  a separate*  completely  shielded  assembly  which 
is  conventional  in  most  respects.  Tiro  high-gain  stages  U3ing  6CB6  tubes 
are  followed  by  a 6CB6  first  limicer  and  a 6AKc3  second  limiter,  A 

tiklA  is  iSfl<V1  in  a hfllani^o^  nV>ooo  o.^wiiwi  walny 


The  discriminator  circuit  is  a conventional  balanced  phase  shift 
type.  In  order  to  obtain  balance  the  secondary  is  bifilar-wound  and 
link-coupled  to  the  primary.  This  link  is  adjusted  in  production  for 
minimum  distortion.  For  stability  a self— resonant  choke  is  connected 
to  the  output  lead. 
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current  of  both  limiter  grids.  The  second  limiter  developes  a voltage 
proportional  to  the  input  signal  up  to  about  10  uv.  Above  this  level 
the  voltage  on  the  second  limiter  is  constant,  and  a voltage  pro- 
portional to  the  logarithm  of  the  input  exists  at  the  first  limiter s 
These  voltages  are  combined  to  produce  an  easily  read  logarithmic  signal 
strength  scale. 


A 12AJJ7  is  ussd  as  a DC  bridge  to  indicate  discriminator  output  far 
tuning  purposes  and  as  a direct  coupled  video  amplifier.  V110  is  used 
as  a cathode  follower  output  stage  and  is  direct  coupled  from  the  video 
amplifier.  The  output  is  10-15>  volts  RM3  for  + iokc  deviation, 

A conventional  two-stago  amplifier  with  built-in  loudspeaker  is 
provided  for  monitoring. 


2,2  External  Signal  Strength  Recording 

Provision  has  been  made  for  supplying  10  ma  to  record  variations  in 
signal  strength.  This  signal  is  the  combined  plate  and  screen  currents 
to  VlOU,  and  it  is  adjusted  to  10  ma  with  no  signal  by  varying  the 
screen  volcage  with  R130.  The  signal  thus  obtained  is  reverse  reading? 
j.e.,  10  ma  is  obtained  with  no  signal,  and  minimum  current  is  obtained 
at  maximum  signal.  The  signal  strength  circuits  are  connected  to 
channels  13  to  16  inclusive  on  the  oscillograph  control  panel. 


3.0  Subcarrier  Amplifier 

The  subcarrier  amplifier  provides  for  separation  of  up  to  four 
audio  subcarrier  signals  from  tho  composite  video  subcarrier  signal. 
The  four  subcarrier  amplifier  units  contained  in  the  telemetering 
receiving  station  thus  provides  sixteen  subcarrier  amplifier 
(separation)  channels.  Each  channel  consists  of  a cathode  follower 
input  stage,  filter,  a signal  amplifier  3tage,  and  a cathode 
follower  output  stage.  The  composite  sutcarrier  signal  from  the 
receiver  is  parallel  fed  to  the  subcarrier  amplifier  channels. 

See  Figure  17* 
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The  cathode  follower  input  stage  of  each  subcarrier  amplifier 
channel  provides  high  impedance  input.  Thus  the  receiver  output  3tage 
is  lightly  loaded  even  though  it  drives  the  fourstages  in  parallel. 

The  cathode  follower  input  stages  also  provide  the  proper  driving 
impedances  for  the  filters. 

Twelve  of  the  channels  are  equipped  with  plug-in  band  pass  filters. 
The  filters  normally  provided  with  the  station  have  center  frequencies, 
as  noted  in  Section  I.  filters  are  available  on  special  order  with 
center  frequencies  ranging  from  O.u  to  70.0  kilocycles  per  second,  am 
with  bandwidths  to  provide  for  deviation  of  +?£  or  +15  percent  of  center 
frequency.  Each  filter  passes  the  subcarrier  channel  for  irhich  it  was 
designed  while  rejecting  all  others.  Representative  performance  of  the 
filters  is  shewn  in  Figure  18.  Attenuation  fran  the  band  edge  of  each 
filter  to  the  cross  over  point  with  the  adjacent  pass  band  is  not  less 

M - 1.H  JV 

t.«  i i nn* 

Discriminator 
L|,1  General 


The  TUA-U  discriminator  is  a pulse  averaging  instrument  which  is 
responsive  to  a frequency  modulated  subcarrier  audio  signal.  Its  out- 
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the  deviation  of  subcarrier  from  its  nominal  center  frequency.  Each 
discriminator  is  tuned  to  one  of  the  subcarrier  channels  by  an  inter- 
changeable plug-in  tuning  unit.  The  schematic  of  the  discriminator  i3 


shown  in  figure  19. 


U.2  Charac terist ic s 

k.2.1  Input  Ranges  Full  limiting  with  0.3  to  50  volts  rms  input. 
Nominal  range  2,0  to  8.0  volts  rm3. 


U.2,2  Center  Fraquency  Rangei  «00  cps  to  70  kc,  center  frequency 
determined  by  plug-in  tuning  unit  employed. 

k.2.3  Input  Impedance r 500  K ohms. 

li,2,k  Subcarrier  Frequency  Deviation*  Determined  by  tuning  unit 
employed.  Tuning  units  providing  for  +7  1/2%  or  +15$  cf  center 
frequency  are  normally  employed. 


li.2.5  Intelligence  Frequency g Modulation  may  be  dc  to  as  much  as 
50jb  of  banawiat'n,  determined  by  tuning  unit  employed. 


ii. 2.6  Output  Level t Minimum  of  +10  milliampsres  corresponding  to 
+ full  suDcarrier  deviation  from  canter  frequency. 

k,2.7  Output  Impedances  ’30  ohms  nominal. 

k.2.8  Type  of  Output?  push-pull,  cathode  followers,  balanced  tc' 
chassis  ground. 
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TYPICAL  RESPONSE  OF  BAND  PASS  FILTER 

MODELS  TBF-3  & TBr-4 


Figure  - 18 
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U .2.9  Linearity  of  Output  vs  Subcarrier  Frequency:  0.5$  of 


4.2.10  (Xitput  Response  vs  Intelligence  FrHouency:  Flat  within 


U.2..11  Output  Stability:  +0.5%  of  bandwidth  per  hear  for  two 

Vt Aivna  '■><» * il  .. «-  — — ? — * 
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U.2.12  Maximum  tatput  Noise  Level:  Less  than  5 millivolts. 

!i.2.13  Paver  Source:  115  volts  regulated,  60  cps,  100  v.a. 

Regulation  within  +1%  is  required  for  specified  performance. 
Nar.rnal  output  variation  is  +0.2%  of  bandwidth  per  volt  line 
variation, 

4,2,11:  Panel  Si«e?  5-1/4  inch  x 15  inch. 

U.2.15  Chassis  Size:  13  inch  x 17  inch  x 2 inch. 

I;. 2,16  Weight:  28  pounds. 


Tube,  7301,  is  a linear  preamplifier  with  an  input  level  eontrui, 
R301,  appearing  on  the  front  panel.  This  tube  includes  a diode  which 
rectifies  part  cf  the  signal  voltage  to  operate  the  signal  level  meter, 
1001.  7316  is  a clipper-driver  stage  using  a 6AU6  which  clips  the  input 
sine  wave.  Tubs  V302  is  a 12AU7  twin  triede  and  is  used  in  an  Eccles 
Jordan  trigger  circuit  having  two  stable  limiting  conditions.  The  am- 
plified frequency  modulated  subcarrier  signal,  shown  as  waveform  A in 
Figure  20  is  clipped  by  7316,  thai  triggers  the  E.J.  circuit  on  each 
half  cycle,  and  produces  a rectangular  output  fron  the  trigger  circuit, 
wave  B.  This  signal  is  differentiated  by  means  of  the  10  uuf  capacitor, 
C307,  and  the  100K  ohm  resistor,  R3l5>  to  produce  waveform  C.  The  signal 

^ a ^ rc»  f »*w»n  /■?  At*  TTini  w V*  S eh  He*  r /%»»>.  t v*  *4  r « rl  e + A en  *«*«  av>  + 
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cutoff  condition.  The  cathode  return  of  7302  is  common  with  7303  through 
resistor  R318.  The  voltage  drop  across  this  resistor  due  to  the  plate 
current  through  730?  holds  7303  at  cutoff.  7303  conducts  only  on  the 


|/VWAWA«  v «I-»XX  VAVW  WX  MU*  UX  VX1U  VI  VAA^Allg  MIO  ilOga  UX  V O JtJtfli  I.  A UJV/AOOf 

Its  pulse  output  is  shown  as  waveform  D.  The  pulse  repetition  rate  is 
the  same  as  the  subcarrier  frequency. 

This  pulse  is  applied  to  a univibrator  including  tubes  V30U,  and 
7305;  having  on9  stable  limiting  condition,  and  one  unstable  condition. 

In  the  stable  condition  7305  is  conducting  and  730i:  is  conducting  and 
7301!:,  is  cut  off.  ©19  negative  pulse  of  waveform  D is  Ippllcu  *G  th  o 
grid  cf  7.305  through  resistor  R32ii  and  capacitor  C313.  This  cuts  off 
7305  which  causes  V3Qli  to  conduct.  This  is  the  unstable  limiting  con- 
dition and  continues  for  an  interval  determinAd  by  the  time  constant  of 
G313  and  R332  and  the  threshold  voltage  on  the  grid  of  7305.  This  voltage 
is  adjustable  and  i9  controlled  by  the  balance  controls  R325  and  R331* 
These  are  available  on  the  instrument  panel.  £t  the  end  of  the  unstable 
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period  V3Q£  returns  to  the  conducting  condition  which  causes  V30li  to  again 
go  to  cut  off-  Thia  sequence  of  operations  is  repeated  for  every  cycle 
of  the  subcarrier  frequency. 


Vhi 


mtl  « 
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at  the  plate  of  V30?  in  waveform  F.  These  two  pulses  are  applied  to  the 
grids  of  two  cathode  followers  V30 6k  and  V306B,  a 12AU7  twin  triode*  As 
shown  in  waveform  T?.  when  the  ->t' 


fVio  linnow  tried* 


A iMertr  am 


1 ~ 


with  the  first  half  cycle  of  the  subcarrier  signal,  the  grid  of  the  lower 
triede  B moves  in  a positive  direction,  F.  Waveforms  B and  F also  re- 
present the  pulse  forms  present  at  the  ca+hode  of  the  two  triodes.  The 
average  DC  voltage  ax  the  grid  or  cathode  is  represented  by  the  dashed 
lines  in  E and  F.  This  line  is  located  when  the  shaded  arsa  under  the 
curve  of  the  negative  pulse  is  equal  to  the  shaded  area  under  the  positive 
pulse.  Elongation  of  the  positive  in  E will  thus  move  the  DC  average 
line  upward  as  in  G*  This  represents  a lowering  01  the  subcarrier  fre- 


quency. Increasing  the  frequency  will  shorten  the  positive  pulse  and 
loser  the  average  DC  voltage  at  the  cathode  of  triode  A as  in  I. 


Similarly  in  waveform  H elongation  of  the  negative  pulse  caused 
by  lowered  frequency  will  lower  the  average  DC  positive  potential  at 
the  cathode  of  triode  Bt  and  increase  frequency  will  raise  it,  as  in 
J.  These  voltages  are  measured  frees  the  negative  return  or  copper 
ground,  and  not  frcm  the  chassis. 

The  DC  average  at  the  grid  of  triode  V306A  shewn  at  E,  is  some- 
what positive  with  respect  to  the  DC  average  at  the  grid  of  triede  B 
shown  at  F.  This  is  the  voltage  condition  at  center  frequency.  As 
an  example,  the  average  positive  potential  on  the  grid  of  upper  triode 
A is  approxiatately  +67  volts  and  that  on  the  lower  triode  i3  +82  volts 
at  center  frequency.  Since  center  frequency  is  represented  by  equal 
voltages  at  the  cathodes  of  these  triodes,  cathode  resistor  R337,  used 
with  triode  A is  smaller  than  resistor  R338,  used  with  lower  triode  B. 
Thus  due  to  the  different  cathode  currents  in  the  two  triodes  the  average 
DC  voltage  drops  ecro-ss  these  resistors  are  approximately  equal  at  center 
frequency. 


Increase  of  subcarrier  frequency  will  thus  produce  a cathode  volt- 
age unbalance,  with  the  cathode  of  triede  A negative  with  respect  to 
cathode  5.  A frequency  lower  them  center  frequency  reverses  this  unbalance, 
with  the  lower  cathode  negative  with  resnect  to  ths  upper  cathode- 


| 

1 


Ah  average  DC  voltage  difference  between  the  two  cathodes  i™  thus 
brought  about  by  a change  in  frequency.  These  two  DC  voltages  are 
applied  to  the  grid  of  V307  and  V308  through  RC  filters  in  the  plug- 
in tuning  unit  which  serve  to  filter  the  pulses  from  the  DC  voltages. 
These  tubes  are  used  in  a voltage  measuring,  bridge  circuit,  and  the 
iOO-G-iOO  output  meter,  K302,  is  connected  between  their  cathodes. 
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This  is  a zero  center  meter  and  when  there  i3  no  voltage,  difference 
between  the  cathodes  of  7307  and  7303,  the  meter  indicates  zero 
(center  scale).  Zero  meter  reading  indicates  center  frequency,.  Lower 
frequency  moves  the  meter  pointer  to  the  left  of  zero.  Frequencies 
higher  than  center  frequency  will  move  the  pointer  to  the  right. 


A protective  thermal  delay  relay.  K301.  and  the  330  ohm  output 
T-pad,  R368,  are  connected  in  series  with  the  meter  1(302.  The  reJay 


delays  closing  the  circuit  through  the  meter  end  output  circuit  until 


all  tubes  have  reach  d a stable  operating  condition.  This  is  to  pro- 
tect the  meter  and  the  galvanometer  connected  to  the  output  circuit 
from  current  surges  during  the  tube  wannup  period. 


uCa y oTG  pr U V xucu 


A center  adjust  control,  R3lt0,  and  test  swi 
on  the  front  pariel  for  adjusting  the  voltage  balance  at  the  cathodes 
of  V307  and  73085  For  balancing*  — — Djui  i?  closed,  connecting  the 
girds  of  730?  and  "308  together.  The  center  adjust  control  is  then 
adjusted  until  the  output  meter  K3Q2  and  the  recording  galvanometer 
read  z AM  V t/uG  t ssritch  S303  is  then  opened.  tfh«?n  the  incoming 

subcarrier  is  known  to  be  on  center  frequency,  the  balance  controls 
R329  and  R331  are  adjusted  to  bring  the  meter  and  galvanometer  again 
to  zero  readings.  The  meters  will  new  accurately  indicate  frequency 
deviations  above  or  below  center  frequency. 


rfith  a discriminating  circuit  of  this  tyoe,  circuit  failure  or  off 
band  operation  of  the  input  signal  might  damage  the  indicating  meters. 
Therefore,  protective  circuits  are  provided.  If  the  pulse  amplifier 
tube,  7303,  fails,  ths  univibrator  remains  in  its  stable  limiting 
condition.  Tube,  730b,  would  be  cut  off  and  the  grid  cathode  of  7306A 
would  be  highly  positive.  Tube  7305  would  be  conducting  and  who  gTlu 
and  cathode  of  V306B  would  remain  negative  with  respect  to  the  grid  and 
cathode  of  V306A.  A serious  and  continued  unbalance  at  the  cathodes  of 
V307  and  V308  would  result.  Much  higher  than  normal  current  would  flew 
through  the  indicating  and  recording  meters  with  resultant  damage  to  the 
meters.  To  prevent  this  damage  if  this  unbalance  should  occur,  tubes 
7309,  7310,  and  7311  will  operate  to  protect  the  meters  as  follows? 

The  screen  current  for  tubes  7307  and  7308  passes  through  7309  from  the 
plate  supply.  Since  the  grid  of  7309  is  connected  to  the  positive 
plate  supply  through  R349,  the  plate  resistance  of  this  tube  will 
normallv  be  low.  The  plates  of  tubes  7110  and  7311  also  connect  to  the 


vino 


T'Vn  + (•nVi  Tr.t'.iTTl  ’f.Vip;  r,f 

mV  vv*  wu  vw  wu  wa.  ui  t vw  w wuw  wu  A U v/UA  41  WV  U1 1 0 V CL  1 UUCD  wl 


730“  and  7306  and  their  grids  connect  to  the  opposite  cathodes.  Thus 
the  cathode  of  7311  connects  to  the  cathode  of  7308  throu^i  R35l,  and 
its  grid  to  the  opposite  cathode  7307.  7310  is  connected  symetrically 

opposite  with  its  grid  to  7308  and  -cathode  to  V307. 


Tubes  7310  and  7311  are  normally  held  at  cutoff  by  means  of  DG 
bleeder  current  through  R350  and  K351  for  one  tube,  and  through 
R3I1L1  and  R3I46  for  the  other  tube.  Tubes  7310  and  7311  therefore 
measure  the  DC  unbalance  which  may  occur  between  the  cathodes’  of  7307 
and  7308.  If  that  unbalance  exceeds  the  threshold  bias  vcltage  on 
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either  tube,  it  draws  plate  current  through  R3h9»  Thia  places  negative 
bias  on  V3C9,  reducing  its  plate  current  and  also  the  screen  current  to 
tubes  7307  snd  7J08.  Cathode  voltages  at  these  tubes  are  thereby  reduced 
thus  limiting  the  current  through  the  meters  to  a safe  value*  If  the 
subcarrier  shifts  too  far  out  of  the  band  on  the  low  frequency  side* 

7311  operates  to  protect  the  meters.  If  on  the  high  frequency  side,  then 
V310  cones  into  operation. 


The  leads  to  the  low  pass  filter  are  connected  to  terminals  8 and 
10  cn  connector  P301.  Full  output  signal,  unaffected  by  the  setting  of 
this  output  T-pad,  may  be  obtained  between  terminals  10  and  12. 

4.4  Standby  Stabilization  Circuit: 

During  normal  operation  of  the  station  the  equipment  may  stand  for 
extended  periods  without  being  in  actual  use,  although  the  power  is  on. 
Under  these  conditions,  the  hysteresis  of  electron  emission  of  tubes 
73Gu  and  vjG?  may  cause  seme  difficulty  in  maintaining  balance.  In  the 
"no  signal"  condition  tube  730?  is  in  a conducting  condition  and  tube 
73Ci+  is  cutoff.  When  later  the  circuit  is  balanced  while  receiving  an 
incoming  signal,  it  may  be  found  that,  the  balance  will  drift  . with  tine 
due  to  the  lysteresis  of  73QU  and  73C?  and  also  to  some  extent,  7306, 
7307  and  7308.  This  of  course  necessitates  rebalance. 


E 


i* 


To  minimize  this  difficulty  a standby  stabilization  circuit  is 
provided  using  tube  731?  and  relay  K302.  The  relay  is  shown  in  its 
non-operated  position,  with  no  incoming  subcarrier  present.  With  the 
arrival  of  a subcarrier  signal,  i ectified  voltage  is  applied  to  the 
grid  of  731?;  causing  this  tube  to  conduct,  and  to  operate  the  relay. 
The  relay  cIosgs  contacts  2 and  3,  connecting  the  plate  of  730?  to  the 
grid  of  V30U  through  the  voltage  divider  of  R319  and  R320*  Contacts 
U and  ? of  the  relay  are  opened,  removing  the  short  circuit  between 
the  grids  of  7307  and  7308,  This  prepares  the  circuit  for  normal 
operation  as  previously  described. 


During  periods  of  no  incoming  signal,  there  will  be  no  rectified 
signal  voltage  on  the  grid  of  731?.  The  relay  will  tnus  be  non- 
operated,  and  with  circuit  connections  as  shewn.  Contacts  1 and  2 will 
thus  be  closed,  making  a circuit  from  the  grid  of  V30U  back  through 
capacitor  C329,  to  the  plate  of  V305.  A positive  feedback  loop  is  thus 
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contacts  1 and  2 of  relay  K302,  to  the  grid  of  V3Cli.  This  circuit  thus 
oscillates  at  a frequency  determined  by  these  circuit  constants  and 


also  the  DC  voltage  at  the  grid  of  730?.  This  voltage,  as  previously 
mentioned,  is  controlled  by  the  settings  of  the  balance  controls 
R329  and  R331.  When  these  controls  are  previously  balanced  for  center 
subcarrier  frequencies,  this  circuit  will  oscillate  at  approximately 
center  frequency.  Thus  when  the  incoming  signal  fails,  and  also  during 
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standby  periods,  tubes  7301;  and  7305  will  continue  to  function,  and 
draw  the  same  plate  currents,  as  when  normal  signal  reception  is 
occurring.  The  cathode  emission  characteristics  of  these  tubes  will 
thus  not  be  changed  due  to  ext- ended  periods  of  quiescent  standby 
operation* 

Contacts  h and  5 of  relay  K302  are  wired  to  terminals  3 and  6 of 
Jack  308*  Therefore  in  the  st.findhy  eonrH-Mon^  the  erids  of  7307 
7308  are  connected  together,  and  these  tubes  will  thus  draw  approx- 
imately equal  plate  currents.  Average  cathode  emission  requirements 
of  these  tubes  will  also  be  the  same,  with  or  without  subcarrier 
signal.  Similarly  the  triodes  of  ”30-6  operate  at  approximately  equal 
plate  cm* rents  with  or  without  subcarrier  signal,  because  tubes  730ii 
and  7305  are  always  in  an  operative  condition.  Center  frequency 
balance  is  thus  stabilized  over  long  periods  of  standby  operation, 
through  eliinination  of  cathode  emission  nysceresis*  In  the  event  of 
signal  failure  the  indicating  meters  return  to  zero  or  center  frequency. 


U.5  Power  Sui 


Circuit 


A conventional  power  supply  is  provided  on  the  chassis  to  supply 
all  heater  and  plate  voltages  for  the  discriminator  circuits.  Two 
6 Y U rectifiers  V312  and  7313  are  used  to  conduct  the  approximate 
130  milliamperes  required.  Tubes  7301.  7306,  7307.  V30o,  730?,  V310 
and  V311  receive  300  plate  volts  unregulated.  Supply  voltage  to  all 
other  tubes  is  150  volts  regulated,  731*!  «*=  the  regulator  tube.  This 
is  an  QA21,  150  volt  regulator,  and  the  socket  is  so  wired  that  the 
negative  return,  to  the  power  transformer  is  opened  when  the  tube  is 
removed  from  it. 

A test  meter  and  test  switch  are  provided  on  the  front  panel  for 
checking  plate  supply  voltages  and  currents.  The  switch  is  a six- 
position  switch  and  is  wired  tc  measure  the  following; 

Fosition  1 ~ Unregulated  plate  voltage 

2 - Regulausd  plate  voltage 

3 - Total  plats*  turrsut 

4 — Regulated  plate  current 

5 - Plate  current-tube  7308 

6 - Plate  current-tube  7307 

v/p  vimum  opui  aticn  of  the  equxpment  occurs  ™ith  meter  re&uxngs  wiunxn 
the  marked  green  range,  but  entirely  satisfactory  operation  can  be 
expected  with  meter  readings  between  .7  and  .9* 

U.6  Discriminator  Compensation  Circuit. 

A compensation  input  connection  is  provided  in  the  discriminator.  This  may 
be  used  in  making  permanent  oscillograph  records  from  composite  sub- 
carrier  signals  which  have  been  previously  recorded  on  tape.  External 
controls  and  connections  for  this  circuit  appear  on  the  rear  chassis 
wall  adjacent  to  the  power  connector.  In  making  a tape  recording  of 
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c.  composite  leisnstcring  signal,  the  recording  mechanise  scsstimee 
introduces  a frequency  instability  or  wow.  To  minimise  this  effect 
when  the  recording  is  played  back,  and  when  ths  permanent  separation 
record  is  made  cn  the  recording  oscillographs,  frequency  compensation 
mav  be  provided.  The  circuits  which  may  oe  used  are  shewn  in  Figure 
21. 
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— *h-.-5  ~ ;c=i  ci  vapo  . oCOtuii^  ai  cuuipcsite  telemetering 
signal.  This  method  includes  recording  along  with  the  composite  video 
signal  a signal  from  the  audio  oscillator  of  selected  frequency.  The 
frequency  used  must  be  one  which  is  not  present  in  the  coaroosite  video, 
but  one  for  which  a band  pass  filter  is  available.  The  signal  from  ths 
receiver  and  audio  oscillator  must  be  mixed  in  a linear  mixing  circuit 
(not  supplied)  and  fed  to  the  300  cycle  high  pass  filter,  and  then  to 
the  recorder  as  shewn.  Other  filters  and  discriminators  say  bs  used 
simultaneously  if  desired s The  amplitude  of  the  oscillator  signal  must 
be  comparable  to  that  of  the  composite  signal.  Ths  frequency  of  the 
oscillator  ciust  be  accurately  adjusted  to  the  center  frequency  of  one 
subcarriar  channel. 


When  at  a later  time,  it  is  desired  to  obtain  oscillograms  frem 
theoemposite  tape  recording,  circuit  B is  used,.  As  shown,  ths  output 
from  the  uape  recorder  is  connected  to  the  filter/amplifier  input  jack 


in  the  receiver  cabinet. 


Band  pass  filter/amplifiers  and  discrimin- 


ators arc  connected  for  all  subcarrier  frequencies  in  the  composite 
vidso  signal.  One  additional  band  pass  filter/amplifier  (2)  is  used, 
with  center  frequency  equal  to  that  of  the  audio  oscillate1*  used  during 
the  original  recording.  The  signal  from  this  filter  feeds  and  addition- 
al discriminator.  Signals  from  terminals  8 and  10  (connector  ?3C1) 
of  this  discriminator  are  amplified  in  a DC  amplifier  (not  supplied) 
and  connected  *>.»  shewn  to  terminals  9 and  11  of  P301  of  all  discrimi- 
nators in  use*  Referring  to  the  discriminator  schematic,  terminals 
9 ana  11  of  connector  PjOl  bring  the  signal  fran  the  DC  amplifier  to 
the  compensation  level  adjusted  R369*  From  there  the  DC  voltage  is 
applied  through  resistors  R373  and  R37U  to  the  grids  of  the  discriia- 
lnator  output  tubes  V307  and  V308. 


In  operation,  the  signal  frem  the  audio  oscillator  is  recorded  on 
the  tape  together  with  the  composite  video  signal.  During  the  re- 
cording, any  irregularity  in  tape  velocity  will  cause  frequency  insta- 
bility in  the  recorded  signals.  Again  during  playback  additional 
frequency  instability  may  be  introduced.  This  effect  may  be  minimized 
by  proper  use  of  the  circuits  3hown. 


In  circuit  B the  DC  output  voltage  frem  discriminator  (l)  will  be 
a function  of  the  recorded  signal  of  the  audio  oscillator  in  circuit 
A.  If  during,  playback  the  frequency  of  this  signal  varies,  the  DC 
output  voltage  frem  the  discriminator  will  varye  Similarly  the 
frequencies  of  all  subcarrier  signals  to  all  discriminators  will  vary 
and  will  cause  a corresponding  variation  in  all  discriminator  output 
voltages.  The  amplified  output  voltage  from  discriminator  (1)  is 
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applied  to  all  other  discriminator  conpensation  circuits.  Whan  this 
voltage  is  of  the  correct  polarity  and  amplitudes  it  trill  counteract  the 
instability  of  output  voltages  from  these  discriminators , which  is  due 
to  the  recording  instability.  A polarity  reversing  switch  S30L.  mounted 
on  the  front  panel  of  the  unit  permits  selection  of  the  proper  ccm- 
pensation  polarity-  and  R36®  permits  adjustment  of  proper  amplitude. 

External  phasing  circuits  may  be  required  if  the  canpensati  nn 
frequency  differs  greatly  from  the  subcarrier  frequency,  or  frequencies 
in  the  composite  signal.  Since  the  amount  and  phasing  of  the  dis- 
tortion will  depend  on  the  recording  equipment  employed,  it  is  suggested 
that  initial  adjustments  be  made  with  simulated  signals.  Incorrect 
wiring  or  adjustment  could  result  in  loss  of  an  Irreplaceable  recording. 


Oacilloeranh  Control 1 Paftel 


See  tigme  cc 


For  ease  of  calibration  and  checkout  all  output  signals  are  brought 
to  the  oscillograph  control  panel.  Each  channel  has  a reversing  switch, 
& 330  ohm  "T*  pad,  a signal  interrupting  key  switch  and,  an  output 
bridging  jack. 

The  twelve  discriminator  outputs  are  connected  to  channels  1 to  12 
inclusive,  the  receiver  signal  strength  outputs  to  channels  13  to  16 
inclusive.  Channel  17  is  used  for  timing  signals  and  channel  18  is 
used  for  the  1 ops  time  base  signal. 


The  oscillographs  are  Consolidated  Type  5-11  Ji  which  are  equipped  to 
record  18  channels  of  information.  Two  oscillographs  are  used  with  each 
station.  The  galvanometers  in  one  unit  are  in  series  with  those  in  th6 
other  unit,  to  insure  two  identical  records.  Refer  to  CEC  Instrument 
Manual. 


7.1  Audio  Oscillator  See  Figure  23 

Accurately  measured  audio  frequency  calibration  signals  for  the 
subcarrier  amplifiers  and  discriminators  are  obtained  from  a Hewlett- 
Packard  Audio  Occi 11a tor - Switches  on  the  monitor  panel  connect  the 
oscillator  to  any  of  the  subcarrier  amplifier"* 

7.2  Frequency  Meter  See  Figure  2l*  and  25 

The  frequency  meter  is  a Berkeley  Scientific  Co.  Model  55U  Esrents- 
Per-Unit-Time-Ueter  which  consists  of  five  decade  scaling  units,  a one 
second  time  base  derived  by  division  from  a 100  kilocycle  crystal 
standard,  appropriate  gating  circuits,  and  a regulated  pcwer  supply. 
Signals  of  unknown  frequency,  of  sine  wave  or  other  recurring  wave  form 
are  shaped  by  input  amplifiers  and  are  then  fed  to  a gating  circuit 
which  is  controlled  from  the  one  second  time  base.  The  count,  equal  to 
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the  urtocirn  frequency;  is  displayed  until  the  unit  is  reset  or  turned 
off.  The  unit,  nay  be  r«««t.  manually  or  automatically.  The  automatic 
reset  may  be  adjusted  to  display  the  count  (vciaura  frequency)  from  about 
one  to  three  seconds.  Since  ths  count  requires  one  second,  a Gne  second 
display  means  that  ths  unit  recycles  at  a two  second  rate.  This  rate 
p**rmitsi  rapid  adjustment  of  the  audio  oscillator  and  calibration  of 
discriminators  and  galvanometers.  Accuracy  of  the  unit  is  +10  parts 

■jsais*  i*s  " ' ■!  **-r:  — T »»  — — ~ — — ^ — ** 

esa  V*MW  Vx  J UAOf 

7,3  Monitor  Panel  See  Figure  2 6 

The  Monitor  Panel  combines  a Millen  Oscilloscope,  a Measurements 
Corporation  Vacuum  Tube  Voltmeter,  function  and  selector  switches. 


signal  cMtmst  from  the  receivers  and  ths  subcar riar  amplifiers  may 
be  viewed  an  the  oscilloscope,  and  measured  on  the  V.T.7.M. 
calibration  voltages  free  the  audio  oscillator  may  be  s»iteved  fn 
channel.  Frequency  meter  may  be  switched  to  calibration  or  received 
signal  for  accurate  determination  of  frequency,  A recorder  control 
switch  is  provided  to  control  the  recording  oscillograph  motor, 

8,0  Miscellaneous  Bqujpcent 


8.1  Regulated  Power  Supply  See  Figure  27 


The  regulated  power  supply  furnishes  plats  and  filament  power  for 
the  subcarrier  amplifier. 


8,2  Lor  Pass  Filter  Chassis  See  Figure  28 

The  1 tm  pass  filter  chassis  provide  mounting  px-d  connections  for 
four  output  channels.  Only  three  are  used  in  this  station,  each  channel 
being  equipped  with  a I-sr  pass  filter  of  Hu  cycles  cutoff  frequency.  A 
switch  to  bypass  the  L.P.  filter  is  also  provided.  The  low  pass  filter 
frequency  response  curve  is  shown  in  Figure  29. 


8.J  Blower  Panel  3ee  Figure  30 

The  bio*. or  panel  contains  a centrifugal  blower  and  a dust  filter 
arranged  to  supply  filtered  air  to  two  air  aucts  at  the  back  of  the 
cabinet.  Also  provided  is  a caster  power  circuit  breaker  for  control 
of  power  to  the  cabinet  and  a duplex  cut-put  receptacle  for  convenience. 

8,U  Blower  Units 


Two  small  centrifugal  blower  units  are  mounted  at  the  rear  of  the 
small  cabinet  to  provide  ventilation.  In  this  case  the  dust  filters 
are  mounted  on  the  side  of  the  cabinet. 
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Figure  ?9  — Low  Pass  Filter  Frequency  Response 
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Wiring  Diagram,  Master  Power 
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8?5  Master  Fearer  Control  Panel  See  Figure  31 

The  master  pcwer  power  panel  contains  two  power  circuit  breakers j 
one  for  the  control  ox  power  to  trie  control  cabinet  and  the  other  for 
control  of  power  to  the  entire  station. 
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SECTION  III 
OPERATION 


■L«V 


General 


The  Bendix  nOyoO  Telemeter  Receiving  Stations  are  installed  in 
special  trailers,  two  stations  and  a voltage  regulator  to  each  trailer* 


The  stations  are  entirely  separate  and  can  be  operated  independently 
or  similtaneously.  They  are  mounted  along  each  side  of  the  trailer - 
Tha  right  hand  side  layout  is  shown  in  Figure  ?,  The  left  hand  side  is 


a mirror  image  of  the  right,  with  the  exception  of  the  location  of  one 
recorder.  For  convenience  in  operation,  all  controls  are  located  near 

the  jf* ore* or 5 • 


The  equipment  is  so  arranged  that  under  normal  operating  conditions 
no  external  connections,  cords  or  plugs  are  required  for  operation  or 
calibration.  Calibrate  and  operate  switches  are  interconnected  to  in- 
dicate by  means  of  a "RECORD"  light  the  proper  operating  position. 


The  station  is  assembled  with  a separate  RF  channel  for  each  large 
cabinet-  The  RF  channel  consists  of  a receiver,  subcarrier  amplifier, 
three  discriminators  and  three  low  pass  filters.  The  first  and  second 
subcarrier  amplifiers  have  separate  power  supply  unit  mounted  in  the 
third  cabinet.  According? y each  RF  channel  can  be  operated  separately 
or  in  combination  with  one  or  more  of  the  others.  The  Monitor  Panel 
which  includes  the  calibration  switches, 7T7M  and  Scope  is  mounted  in  the 
fourth  cabinet.  The  calibration  oscillator,  frequency  meter  and  the 
oscillograph  control  panel  are  mounted  in  the  fifth  or  short  cabinet. 

in  addition  eacn  large  cabinet  is  equipped  with  a Blower  Panel 
which  includes  a master  circuit  breaker  lor  the  equipment  in  that  cabinet. 
The  short  cabinet  is  equipped  with  a Master  Pcwer  Panel  which  includes  a 
master  circuit  breaker  for  the  equipment  in  the  cabinet  and  also  the 
main  circuit  breaker  for  the  complete  station.  All  circuit  breakers  and 
AC  switches  are  equipped  with  pilot  lights  to  indicate  operating 
conditions. 

2.0  Energizing  Station 

2.1  Turn  "ON"  main  breaker  on  master  power  panelj  pilot  light  should 
indicate. 

2.2  Turn  "ON"  master  breaker  for  each  cabinet j pilot  15ght  should  in- 
dicate and  blowers  should  operate. 

2.3  Turn  "ON"  power  switches  of  each  unit.  All  power  switches  have 
associated  pilot  lights  which  should  indicate. 
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3*0  Check  01  Station  Operating  Condition 

3*1  Note  that  all  pilot  lights  are  lighted. 

3,2  Check  that  line  voltage  on  voltage  regulator  is  115  to  120  volts. 
This  voltage  may  be  adjusted  at  the  voltage  regulator  by  means  of  the 
voltage  control  at  the  left  of  the  meter  cn  its  front  panel.  The 
regulation  or  sensitivity  control  is  located  to  the  right  of  the  meter® 
To  set  this  control  properly*  turn  the  control  clockwise  until  the  reg- 
ulator begins  to  hunt.  Then  back  off  the  control  until  the  hunting 
stops. 


3.3  Use  the  built-in  testing  circuits  for  rapid  checking  of  the  units. 


A nino  nn-ln+  + ao  + 


3.3*1  Filter  Anplifieri  «.  on  . 

of  each  filter  amplifier  chassis  permits  checking  the 
plate  current  to  each  of  the  six  tubes.  In  the  T position  the 
total  plate  current  to  all  these  tubes  is  measured.  The  meter 
reading  should  lie  between  a7  and  .9  in  each  test  position. 


3.3.2  Regulated  Power  Supply;  The  regulated  power  supply  has  a 
testing  circuit  controlled  by  the  four  position  switch  on  the 
panel.  Positions  1 and  2 check  the  current  Through  each  triode 
of  V702.  The  currents  should  be  approximately  equal.  Position 
3 checks  the  total  plate  current,  output,  position  u checks  out- 
put voltage.  This  should  be  approximately  250  volts. 


3.3 z3  Discriminator!!  Each  discriminator  also  has  its  own  testing 
circuit  controlled  by  the  6-point  panel  switch.  This  circuit 
checks  regulated  and  unregulated  plate  currents  and  voltages.  All 
switch  positions  should  indicate  between  .7  and  .9  on  the  test 
meter.  The  output  meter  should  read  center  sc<ixe*  ®uiu  one  xnpuc. 
meter  should  indicate  zero  when  the  input  control  is  set  to  zero 
input. 

li.O  Qualitive  Check  of  Station  Performance 


li.l  Discriminators 

ii.i.l  The  switching  circuit  on  the  monitor  panel  is  arranged  to 
test  each  subcarrier  amplifier  with  its  three  associated  discrim- 
inators. , There  are  four  3ubcarriers  amplifier  chassis  A to  D 
inclusive.  The  following  procedure  is  given  to  test  A channel 
and  should  be  repeated  for  the  other  channels  using  the  switches 
for  that  channel® 

U.1.2  On  mointor  panel  turn  input  selector  switch  for  receiver 
A (3901)  to  calibrate*  ("CAL  and  VTVM  selector  switch  (39C5) 
to  A.  (Tni3  connects  the  audio  oscillator  to  the  input  of  the 
3ubcarrier  amplifier  and  bridges  the  VTVM  across  the  input), 
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i*.1.3  Set  audio  oscillator  to  7350  cycles  and  ad.1v.st  the  output 
for  1 volt. 

k.l.U  Set  gain  of  all  discriminators  to  maximum. 

lj.1.5  Adjust  gain  of  No.  1 subcarrier  amplifier  until  inout  meter 
on  No.  1 discriminator  (7.3pkc)  reads  approximately  midscale. 

4.1.6  Repeat  (U.1.5)  for  #2  channel  with  the  cscillatOi  oeo  du 
10500  cycles. 

y.1.7  Repeat  (4. 1.5)  for  #3  channel  with  the  oscillator  set  at 
11*500  cycles. 


U.l.S  Swing  oscillator  frequency  from  6 000  cycles  to  9 GOO  cycles. 
The  No.  1 discriminator  output  meter  should  swing  to  extreme  left 
scale,  back  to  center  as  7350  cycles  is  approached,*  to  extreme 
right  scale  and  back  to  center  as  the  frequency  is  increased. 

No.  2 and  3 discriminators  should  indicate  zero  (center  scale). 

4.1.9  Continue  to  increase  oscillator  frequency  and  watch  the  per- 
formance of  successive  discriminators.  Each  input  meter  should 
read,  in  the  proper  band  of  frequencies. 

U.1.10  Each  meter  should  swing  to  extreme  loft  scale  to  extreme 
right  scale  and  back  to  center  as  frequency  is  increased  and  should 
swing  through  center  at  the  center  frequency  of  the  discriminator. 
If  the  discriminator  frequency  does  not  stay  within  limits,  the 
discriminator  should  be  replaced  or  recalibrated  in  accordance  with 
calibration  procedure  given  in  Section  17. 

l*,lsll  Repeat  complete  procedure  for  group  E,  C,  and  I?  equipment. 
U.2  Filter  Amplifier 

The  filter  amplifier  can  be  checked  separately  by  reading 
input  and  output  voltages  on  the  VTVM. 

U.2,1  On  monitor  panel  turn  input  selector  switch  for  receiver  A 
(S901),  function  selector  switch  (3907),  and  VTVM  selector  switch 
(S905)  to  the  calibrate  position  ("GAL"). 

ii.2.2  Adjust  the  audio  oscillator  output  for  a 1 volt  reading  on 
the  VTVM, 

U.2.3  Turn  gain  control  of  each  channel  of  the  filter  amplifier 
to  maximum. 
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ju2oli  Switch  VTVM  to  output  of  filter  amplifier  by  switching 
VTVM  selector  switch  (S90£)  to  "CHANn,  and  channel  selector 
snitch  (S906)  to  channel  "Al". 


■>»2oS  Set  the  oscillator  to  ?3>0  cycles  and  note  output  voltage  on 
VTVM.  It  should  measure  approximately  12  volts. 

l‘-9;6  Repeat  ii.C.i*  ar:,.?  n.2.5  for  channels  "A- 2"  and  "A-3*,  using 
frequencies  of  1G?00  and  lli^OO  cycles  respectively. 

iu2.7  Repeat  li.2.h,  U.2.5  and  U.2.6  for  3,  C.  and  D filter  am- 
lifiers. 

U.2.8  Response  of  band  pass  filters  may  be  checked  by  slowly 
swinging  oscillator  over  the  appropriate  band  and  noting  a decrease 
in  discriminator  output  at  the  band  edge  frequencies. 

a .3  Receiver 


Turn  up  the  audio  gain  on  the  receiver  and  tune  in  a signal; 
Listan  for  audio  signal  from  the  speaker.  Observe  operation  of 
the  two  meters  on  the  receiver  panel  as  the  tuning  dial  is  rotated 
through  a signal.  For  tumable  receivers  only,  the  zero  center 
meter  3nould  swing  right,  then  left,  as  the  receivers  is  tuned 
through  a carrier.  The  other  meter  indicates  carrier  signal 
strength.  Check  antenna  eystau  for  proper  connection  and  orienta- 
tion. 

U.U  Vacuum  Tube  Voltmeter 


To  check  the  vacuum  tube  voltmeter,  turn  input  selector 
switch  (S901)  for  receiver  "A"  to  calibrate  position  and  the 
VTVM  selector  switch  (S905>)  to  "A”.  Set  the  VTVM  on  AC  and  as 
the  oscillator  output  is  varied,  the  VTVM  rea  .ing  should  vary 
also. 

U.5  Audio  Oscillator  and  EPUT  Frequency  Meter 

The  oscillate*  and  frequency  meter  may  be  used  as  a check  on 
each  other.  Set  selector  switch  on  oscillator.  After 

warmup  period,  indicated  frequency  on  oscillator  should  appear 
on  the  frequency  meter.  The  frequency  meter  may  also  be  self 
checking  using  an  internal  test  circuit.  Set  the  controls  of  the 
frequency  meter  as  follows?  Auto-manual  on  manual,  display  time, 
extreme  counter  clockwise.  Start,  on  Internal  Start.  Operate- 
TEST,  cn  test.  Sensitivity,  extreme  clockwise.  The  frequency 
meter  should  display  a number  every  twe  seconds.  The  number  should 
be  either  00000  or  99999*  Move  Operate-Test  to  operate.  Set 
the  audio  oscilla+or  successively  tc  various  frequencies  from 
about  iiOO  cycles  to  30,000  cycles.  The  frequency  of  the  osciDlator 
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should  be  reliably  indicated  on  the  frequency  rr.t:ter.  Differences  of  one 
cycle  on  successive  counts  of  the  same  frequency  Trill  sometimes  occur. 
This  is  a normal  condition.  Adjustment  of  sensitivity  control  may 
be  required  to  obtain  satisfactory  counting  action.  The  audio  oscillator 
mav  also  be  checked  for  voltage  and  waveform  of  output  by  patching  to 
the  VTVM  and  the  oscilloscope. 

5.0  Telemetering  Pr«- operation  Program 
5.1  Operational  Plan 


In  most  cases  it  will  never  be  possible  to  repeat  an  operation. 

The  greatest  possible  care  and  precaution  must  therefore  be  exercised 
in  preparing  for,  and  in  operating  the  station  during  the  operation. 

The  most  experienced  station  operator  will  occasionally  overlook  some 
important  detail.  Therefore,  there  are  a number  of  precautions  which 
should  be  taken. 

There  must  be  two  qualified  station  operators  present,  prior  to 
and  during  the  operation.  Each  man  must  have  a check  list  of  oper- 
ations and  adjustments  for  which  he  is  responsible.  He  must  check  off 
each  item  on  the  sheet  as  he  makes  the  adjustments.  These  sheets  must 
be  dated,  signed,  and  provide  a permanent  record  for  future  reference, 
of  the  station  operation. 

A complete  and  detailed  operation  plan  must  be  prepared  prior  to 
the  flight.  This  plan  should  shew  every  step  and  operation  to  be  made, 
preparatory  to  the  launching,  and  may  cover  a period  of  several  hours, 
depending  upon  the  amount  of  preparation  required.  The  times  of  major 
operations  must  be  shown.  As  a part  of  the  flight  plan,  detailed 
application  information  shewing  galvanometer  setup  must  be  prepared. 
Because  the  telemetered  functions^  the  recording  medium,  and  the  recording 
galvanceieters  arc  intimately  related,  this  must  be  prepared  by  those 
in  charge  of  the  telemetering  station,  in  close  cooperation  with  those 
in  charge  of  the  project.  A knowledge  of  what  functions  are  to  be 
telaaetered,  their  amplitudes,  and  frequencies  or  rates  of  change,  is 
required.  Familiarity  with  the  characteristics  of  the  galvanometers, 
such  as  sensitivity,  element  frequency  response,  and  damping  character- 
istics is  necessary,  in  addition  to  a knowledge  of  the  setting  up 
of  the  galvanometers  in  the  recording  oscillograph.  Also,  experience 
in  the  use  of  recording  mediums,  is  required.  Information  regarding 
films  and  capers,  types,  speeds,  and  exposure  characteristics  is 
obtainable  from  the  manufacturers.  Paper  for  telemeter  recording  is 
manufactured  by  Eastman. 

Film,  for  telemeter  recording  is  manufactured  by  Eastman,  Ansco, 
and  DuPont.  Ozalid  paper  is  obtainable  x'or  making  paper  records  from 
films. 


- 2h  - 

RESTRICTED 


RESTRICTED 
SECURITY  INFORMATION 


DLM-17 

AFSWP-221 


5.2  Station  Preoperation  Checkout, 

To  minimize  the  possibility  of  telemetering  failure,  resulting 
from  station  operating  errors,  the  following  checkout  procedure  is 
suggested.  .additions  or  modifications  may  be  necessary  in  order  to 
conform  to  the  firing  schedule,  or  to  special  requirements  of  a 
particular  flight.  Operators  must  check  each  item  deliberately, 

l OO  O nf’  n ^vnlrn  am  + i am  a 

— MA.  WWW  V-  J-'A  - a VMU  VA  w VAU44U# 


5-2.1  Not  later  than  minus  one  day  preceding  test. 

5. 2.1.1  Check  all  reference  circuits  such  as  *ero  time- 
range  time,  and  1 cps  time  base  signals. 

5.2.1. 2 Check  communication  facilities. 

5. 2.1.3  Inspect  antenna  system.  Check  all  coaxial  conn- 
ectors. Check  movement  and  orientation  of  rotatable  an- 
tennas and  measure  leakage  resistance. 


5.2.1. u Check  power  facilities.  Check  fuel,  lubrication 
and  battery  levels,  PE-95K  engine-generator.  Check  fre- 
quency ana  voltage  output  of  unit  under  full  load  conditions. 


5. 2.1.5  Check  all  connections,  switches  and  fuses. 

5- 2.1.6  Check  oerformance  of  telemetering  receivers. 

5. 2.1. 7 Check  test  meter  readings  on  filter  amplifier  chassis. 

5.2. 1.8  Check  operation  of  all  discriminators  fors 

i r.  oof-f  jnrr  oonot  f CGTl'tX'd  { SC 2-1 S 


meter  deflection  at  band  limits.) 

Linearity  and  zero  deflection  at  band  center-fre- 
quency. 

Limiting  action. 

Correct  test  meter  readings. 

5. 2. 1.9  Adjust  oscillograph  recorders  for  desired  film  or 
paper  speed.  Check  take-up  system. 


5.2.1.10  Adjust  recording  lamp  intensity  to  correct  value  for 
paper  or  film  and  recorder  speed. 

5.2.1.11  Load  and  install  oscillograph  magazines.  (Run  five- 
foot  leader  while  observing  paper  feed  operation.  Load  at 
least  one  spare  magazine  per  trailer. 
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5*2.1.12  Check  operation  oscillogram  numbering  device, 

5*2.1.13  Adjust  galvanometer  band  center  frequency  set- 
ting .and  polarities  in  accordance  with  predetermined 
band  requirements-,  as  given  in  the  oscillograph  set-up 
forms  for  a specified  operation.  Adjust  input  attenuators 
to  provide  desired  galvanometer  deflections. 


coiil,  Artlr  1 -l  nf  q 
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distance  from  band  center  frequency  point. 


for 


equal 


5*2.1.15  Determine  that  all  spare  materials  and  equipment 
are  on  hand  and  ready  for  immediate  use. 

5.2.1,16  Compile  a detailed  RECEIVING  STATIONS  OPERATIONAL 

we  ««t 

riiAM. 


5*2.2.  At  approximately  -5  hours,  turn  on  all  equipment  and  check 
for  proper  operation  at  frequent  intervals. 

5.2.3  At  approximately  -l*  hours  — 


5*2. 3*1  Chu  v oscillograph  paper  feed. 


5.2. 3*2  Check  operation  of  timing  lines  motor® 

5*2. 3*3  Check  recording  lamp  voltage  and  operation. 

5.2.3.U  Check  galvanometer  identification  system  operation. 

5*2. 3-5  Make  preliminary  balance  on  discriminators  and  check 
band  center  frequency  setting,  polarity  and  excursion  of 
galvanometers . 

5* 2.3*6  Check  setting,  polarity  and  excursion  of  zero  time, 
functions  range  time,  and  1 cps  time  base  galvanometer  traces. 


5.2.3U7  Check  inter- trailer  communications. 

5*2. 3. 8 Fill  out  oscillogram  identification  record  in  pre- 
paration to  making  entries  through  the  test. 


p.d.4  &x>  approximately  -j  iiours. 


5.2.U.1  Make  signal  strength  calibration  on  all  receivers 


UaXiig  olio  AOjLluning  l 
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microvolts. 


5.2. U.2  Obtain  accurate  time  check  and  synchronize  all  clocks. 

5.2. U.3  Scan  frequency  spectrum  to  determine  possible 
presence  of  interfering  signals. 
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5.2.5  At  approximately  - 2 hours. 

5.2.5. 1 Recheck  communication  facilities. 

5. 2. 5. 2 Recheck  engine-generator  performance. 

5.2. 5.3  Recheck  performance  of  all  receiving  station  equip- 

morvf 

5.2. 5. U Recheck  all  reference  signals. 

5. 2.5.5  Recheck  antenna  system. 

5. 2. 5. 6 Recheck  clock  time  and  clock  synchronization. 

5.2.6  At  approximately  - 1 hour 

5-2. 6.1  Recheck  zero  balance  with  center  test  switch  oper- 
ated on .each  discriminator. 

5.2. 6.2  Make  final  center  frequency  (zero  output  voltage) 
balance  of  each  discriminator,  using  fine  balance  control 
with  center  frequency  applied.  Use  galvanometer  trace  as 
indicator. 

5.2.7  At  approximately  - hS  minutes, 

5.2,7.!  Calibrate  all  discriminators,  making  three  record- 
ingsj  +7.5^  of  center  frequency,  center  frequency,  ar 4 -7,5^ 
of  center  frequency  for  each  subcarrier  cqn  cn  cy  used, 

5. 2. 7.2  Scan  frequency  spectrum  for  interfering  signals. 

5.2.8  At  approximately  - 15  minutes  (Final  equipment  check) 

5. 2.8.1  Recheck  all  equipment  operation  as  time  permits. 

5.2. 8.2  Turn  on  the  telemetering  receivers. 

5. 2. 8.3  Audio  oscillator  gain  control  in  off  position. 

5. 2.8.1;  Check  presence  of  reference  signals. 

5.2.9  At  - 5 minutes  (Approximate  time  of  receiving  signals.) 

5. 2.9.1  Set  RCVR-CAL  selector  switch  to  RCVR. 

5.2. 9. 2 Turn  on  all  galvanometer  switches. 

5. 2.9.3  Rotate  antennas  for  best  signals  on  all  receivers. 

5. 2.9.1;  Standby  to  record. 
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5*2.10  At  approximately  - 1 minute 

5*2*10.1  Begin  continuous  recording  of  oscillograph  recorder 
until  loss  of  all  signals  or  until  a minimum  of  25  feet  of 
paper  remains  for  a post-test  calibration. 

5.2.11  At  end  of  test. 

5.2,11.1  Calibrate  all  discriminators  using  the  nine-point 
calibration  as  outlined  in  the  Receiving  Station  Calibration 
section  of  this  manual. 


Calibration  and  Data  Reduction  procedures 


6*1  Receiving  Station  Calibratio: 


Calibration  of  the  receiving  station  is  accomplished  by  feeding 
a series  of  known  audio  frequency  signals  into  the  appropiate  station 
discriminators.  By  feeding  a series  of  nine  frequencies  for  each  sub- 
carrier channel  into  the  discriminators,  a series  of  nine  voltage  out- 
puts, and  consequently  nine  galvanometer  deflections  will  be  obtained 
and  hence  a calibration  curve  of  frequency  versus  galvanometer  deflec- 
tion will  be  obtained.  The  values  of  the  calibrating  frequencies  used 
for  each  of  the  allotted  subcarriers  are  as  follows* 


7.35kc  10*5icc  lit.  5^ 


6800 

9700 

13,1*00 

6900 

9000 

13,600 

7000 

10,000 

13,900 

7150 

xO,  x’uo 

Hi, 200 

7350 

10,500 

Hi. 500 

7550 

10,800 

Hi '.800 

7700 

11,000 

15,100 

7800 

11,200 

15,1*00 

7900 

11,300 

15.600 

A short  recording  is  made  on  the  oscillograph  for  each  different 
calibrating  frequency  fed  into  the  discriminators.  Since  the  output 
of  each  discriminator  is  connected  to  galvanometer  in  the  oscillograph, 
each  change  in  the  frequency  of  the  signal  introduced  to  the  discrim- 
inator results  in  a corresponding  change  in  the  deflection  of  that 
particular  galvanometer’s  trace  on  the  recording  paper.  After  these 
records  are  developed,  the  galvanometer  deflection  of  a;  \ channel  is 
measured  from  a reference  trace  and  recorded  for  each  i.iput  frequency 
to  the  discriminator.  Thus  a discriminator  calibration  curve  of 
galvanometer  deflection  versus  frequency  can  be  plotted  to  be  used  in 
data  reduction. 
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6*2  Pickup  Calibration 

The  various  types  of  telemetering  pickups  are  used  as  the  fre—  - 
q.aicy- determining  component  of  an  oscillator.  By  applying  accuratexy 
measured  function  values  to  the  pickup,  a calibration  curve  of  function 
value  versus  oscillator-  frequency  can  be  obtained.  When  the  pickups 
are  installed  in  a misHe.  the  subcarrier  oscillators  are  padded  to  the 
frequency  taken  from  the  calibration  curve  for  the  fnno+.i  on  value  which 
exists  (or  applied)  on  the  pickup  in  order  for  the  calibration  curve  to 

apply. 


6.3  Data  Reduction 


After  each  telemetered  flight,  the  oscillograph  record  is  processed 
and  marked,  and  the  important  task  of  data  reduction  begins.  The  data 
reduction  procedure  consists  of  three  fundamental  steps* 

6®3.1  A record  calibration  curve  is  prepared  by  combining  the 
discriminator  calibration  (trace  displacement  versus  frequency) 
and  the  pickup  calibration  curve  (frequency  versus  function  value). 
This  new  calibration  curve,  therefore,  indicates  trace  displace- 
ment as  a function  of  the  quantity  under  measurement® 

6.3®2  The  displacement  of  each  trace  from  the  fixed  reference  line 
is  measured  at  all  significant  points  throughout  the  length  of 
the  record.  The  displacement  measurements  are  tabulated  and  plot- 
ted on  graphs  which  show  the  variations  in  measured  quantity 
against  time. 

6.3 .3  The  application  of  appropriate  correction  factors  to  the  re- 
duced data  is  sometimes  necessary.  The  magnitude  and  nature  of 
these  corrections  will  depend  upon  a knowledge  of  (a)  the  stabil- 
ity of  the  discriminators  and  recording  equipment,  (b)  the 
characteristics  of  the  pickups,  and  (c)  the  natural  frequencies 
and  coefficients  of  damping  of  the  recording  galvanometers. 
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SECTION  IV 
MAINTENANCE 


All  units  in  the  receiving  station  are  of  panel  anH  chassis 
construction.  For  convenience  in  maintenance  or  inspection  all  units 
are  equipped  with  slides  which  enable  them  to  be  pulled  out  clear  of  the 
cabinet*  A spring  operated  stop  pin  prevents  the  unit  from  being  inad- 
vertently pulled  completely  oat.  To  remove  the  unit  from  the  cabinet 
it  is  only  necessary  to  release  this  stop  pin*  Connections  are  mado 
through  one  or  more  multiconductor  plugs  mounted  on  the  rear  of  the 
chassis,  which  engage  with  receptacles  mounted  in  the  cabinet.  Plugs 
and  receptacles  disconnect  when  units  are  pulled  forward. 

Units  are  held  locked  in  position  by  means  of  a hinged  bar  which 
folds  over  the  edge  of  the  front  panel  and  is  held  locked  by  fasterners, 
permitting  quick  unlocking. 

For  better  acc®=dbility  seme  of -the  units  can  be  tilted  1*5°  or 
90c  when  in  the  forward  position;  they  are  held  in  uGSlblGH  Dv  ui$<±iJ5 
of  a spring  latch  on  the  side  of  the  chassis,  which  can  be  released 
to  tilt  the  chassis.  For  testing  or  trouble  shooting,  a multi- 
conductor  cable  with  connector  is  supplied  which  enables  the  unit  to 
be  connected  in  the  cruu  position.  Connections  from  the  receptacles  in 
the  cabinets  are  brought  dona  to  "Crablok"  terminals  strips  mounted  cn 
the  bottom  of  the  cabinet.  These  connections  are  shown  in  the  following 
drawings: 


Receiver  Cabinet  Y 12623 
Monitor  Cabinet  Y 12621* 
Control  Cabinet  T 12625 


Figure  32 
Figure  33 
Figure  3U 


Intercabinet  connections  are  between  thess 
are  shewn  on  the  follcwing  drawings: 


X -A— * — J 


Cabinet  A to  B 
Cabinet  B to  C 
Cabinet  C to  D 
Cabinet  U to  E 


Cabinet  E to  Oscillograph 


Y 12626  Figure  35 

Y 12627  Figure  36 

Y 12628  Figure  37 

Y 12629  Figure  38 

v T o<.5n  r>-t  ■5.0 


In  addition  for  convenience  in  testing  or  trouble  shooting  a 
terminal  designation  diagram  is  shown  in  Figure  1*0. 
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Figure  33  - Wiring  Diagram,  Monitor  Cabinet  (D) 
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Figure  3h  - 'Wiring  Diagram,  Control  Panel  (E ) 
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Figure  39  - Wiring  Diagram,  Inter-Cabinet  (E-Oscillator) 
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Mode?  16?-E J^larks  Receiver 


The  Model  16?-E  special-purpose  receiver  is  designed  as 
terminal  equipment  for  a telemetering  system  employing  a radio  link 
and  receiving  intelligence  in  the  form  of  frequency-modulated  signals 
consisting,  for  example,  of  one  or  more  irequency-tnouui<±  UCU  o uOCai  x iGI“3  » 
Over  the  specified  tuning  range  of  180  to  260  me  the  antenna  input  im- 
pedance of  the  I67-E  receiver  is  approximately  75  ohms.  The  circuit  is 
arranged  for  single  or  unbalanced  input.  The  antenna  is  connected  to  a 
SO-239  type  Jack-  located  on  the  rear  apron  of  the  chassis.  The  basic 
tuning  element  around  which  the  front  end  assembly  is  designed  is  a 
standard  Mallory  S_l|  Spiral  Indue tuner,  A stop  assembly  is  arranged 
to  rsstrictrotation  of  the  spiral  tuner  to  the  last  one  and  one-quarter 
clockwise  ttJin  of  its  nomal  5-turn  rotation.  The  signal  frequency  is 
tuned  by  U.01  and  the  input  capacity  of  the  6JI4  plus  wiring  capaciti  es. 

A double-tuned  band-pass  is  used  between  the  6jii  R.F.  amplifier  and 
the  6AK5  mixer  to  provide  hign  image  I.F.  rejection.  The  coupling 
between  the  two  circuits  is  capacitive  and  consists  of  ClOii,  C105,  and 
C106.  C105  is  adjustable  to  provide  accurate  control  of  bandwidth.  The 

6JU  R.F.  stage  is  operated  at  maximum  gain  at  all  times  to  produce 
maximum  signal-to-noise  ratio.  Bias  for  the  6AK5  mixer  is  derived  from 
the  local  oscillator.  This  method  produces  more  uniform  operation  at 
all  frequencies  and  allows  for  considerable  variation  in  local  oscillator 
amplitude  due  to  tube  aging,  A.F.C.  pulling,  etc.  This  also  allows 
direct  grounding  of  both  cathode  terminals  i c minimize  catncde  lead  in- 
ductance and  produce  maximum  input  resistance  so  necessary  at  these 
frequencies.  The  mixer  is  pentode  connected  to  prevent  distortion  of 
I.F,  response  due  to  changes  in  its  plate  resistance  which  may  be 
caused  by  variation  of  local  oscillator  amplitude,  tube  aging,  etc,  A 
rather  unconventional  oscillator  configuration  is  used  due  to  the  high 
frequency  of  operation  and  the  necessity  for  A.F.C. 

The  oscillator  circuit  used  is  essentially  a Colpitts  with  an 
unbypassed  resistor  connected  in  the  cathode  to  damp  tube  resonance. 

The  A.F.C.  reactance  tube  is  connected  directly  across  the  oscillator. 
Phase  shift  is  produced  in  the  grid  by  the  series  combination  of  grid- 
plate  capacity  and  a 27  ohm  carbon  resistor.  Input  resonance  in  the 
reactance  tube  is  not  damped  by  the  cathode  resistor  since  the  grid 
circuit  must  return  to  the  cathode.  The  use  of  a small  resistor 
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A.F.C*  may  be  turned  on  or  off  or  supplied  from  an  external  source  by 
a front-panel  control. 

The  R.F.  unit  is  a complete  assembly  with  input  and  output  signals 
available  through  coaxial  connectors  and  with  power  and  A.F.C.  leads 
through  a small  cable. 
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202  I.F.  Amplifier 

The  I.F.  amplifier  is  a separate,,  completely  shielded  assembly* 
It  is  conventional  in  most  respects.  Two  high-gain  stages  using  6CB6 
tubes  are  followed  by  a 6CB6  first  limiter  and  a 6AK5  second  limiter* 

A 6AL5  is  used  on  a balance  phase  discriminator. 


The  ulscr jjiiiiA-iluj  uircuiL  io 
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type.  In  order  to  obtain  balance  the:  secondary  is  bifilar  wound  and 
link  coupled  to  the  primary.  This  link  is  adjusted  in  production  for 
minimum  distortion.  For  stability  reasons  a self-resonant  choke  U08 
is  connected  to  the  output  lead. 


Signal  level  monitoring  is  provided  by  sampling  the  developed 
voltage  at  both  limiter  grids.  The  second  limiter  deveiope3  a voltage 
proportional  to  the  input  signal  up  to  about  10  uv„  About  this  level 
the  voltage  on  the  second  limiter  is  constant,  and  a voltage  proportional 
to  the  logarithm  af  the  input  exists  at  the  first  limiter.  These  voltages 
are  combined  to  produce  an  easily  read  logarithmic  signal-strength  scale. 

2.3  Output  and  Monitoring 


A 12AU?  (V109)  is  used  as  a d.c.  bridge  to  indicate  discriminator 
output  for  tuning  purposes  and  as  a direct  coupled  video  amplifier. 

V110  is  used  as  a cathode  follower  output  stage  and  is  direct  coupled 
from  the  video  amplifier.  The  output  is  10-15  volts  RMS  for  +125  kc 
deviation. 

A conventional  two-stage  amplifier  with  bui?„t-in  loudspeaker  is 
provided  for  monitoring. 

2.U  External  Signal  Strength  Recording 

Provision  hots  been  i:«tue  fur  supplying  10  iua  to  record  variations 
in  signal  strength.  This  signal  is  the  combined  plate  and  screen 
currents  to  V10U,  and  it  is  adjusted  to  10  r.  a with  no  signal  by  varying 
the  screen  voltage  with  R150.  The  signal  thus  obtained  is  reverse 
readings;  i.e.,  10  ma  cb  tsined  with  no  signal,  and  minimum 

current  is  obtained  at  maximum  signal.  This  current  can  be  recorded 
on  channels  13  to  16  inclusive. 

*+  r*  * i -■  — — -A.  rv—  -.  — -J.  — 
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2.5.1  Align  discriminator. 

2.5.2  Align  I.F.  transformers. 

2.5.3  Check  dial  stops  and  mechanism* 
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2.5 Adjust  oscillator 

2.5 #5  Align  R.F.  amplifier 

2.5.6  Repeat  adjustment  of  local  oscillator 

2.5.7  Calibrate  signal-strength  meter 
2.6  Discriminator  Alignment 

In  preparation  for  alignment  of  the  discriminator  transformer 
T105  (at  left  end  of  T,F.  assembly  as  receiver  is  viewed  from  the  front), 
remove  the  second  limiter  6AK5  tube  from  the  assembly  and  note  the  read- 
ing of  the  center  frequency  or  zero  center  meter.  If  it  is  off  center, 
it  should  be  centered  by  means  of  the  adjustment  (R153  potentiometer)  on 
the  rear  apron  of  the  chassis.  Difficulty  in  readily  securing  an  exact 
center  readmits  indicative  or  a defect,  in  the  6AL5  tube  (V108),  the 
12AC7  tube  (7109),  or  their  associated  components,  and  must  be  corrected 
before  proceeding  further.  Other  steps  are  as  follows? 

2.6.1  Remove  oscillator  tube  to  prevent  mixing  at  signal  generator 

harmonic  frequencies. 

2.6.2  Set  receiver  dial  to  200  mcs. 


2.6.:  Set  signal  generator  to  21. Li  me 
terminals.  If  sufficient  output  indi 
to  mixer  grid  instead. 


and  connect  to  antenna 
at ion  is  not  secured,  connect 


2.6.U  Connect  high-resistance  voltmeter  (Volt  Ohmyst  type)  to 
second  limiter  grid  return  (orange  lead  from  I.F.  assembly  con- 
nected to  tie  point  T-lll).  The  signal-strength  meter  may  be 
used  as  an  output  indicator  with  equal  accuracy, 

2.6.5  Set  generator  to  produce  approximately  1 volt  on  VTVM  or  5 
uv  on  signal-strength. meter. 

2.6.6  Connect  the  VTVM  to  the  discriminator  output  lead  (TP-113). 

2.6.7  Detune  or  back  out  the  bottom  or  secondary  slug  of  T1C5 
until  the  VTVM  shows  a reading  of  .5  volt. 


2.6.8  Peak  top  of  primary  slug  of  T105  tc  give  maximum  reading. 


2,6.9  Retune  bottom  or  secondary  slug  to  center  frequenc  jr  zero 
reading  on  the  VTVM. 


2.6.10  when  the  visual  alignment  equipment  is  available,  a sweep 
generator  should  be  connected  to  the  second  limiter  grid  and  the 
oscilloscope  connected  tc  TP-113  or  the  output  connector.  Primary 
and  secondary  should  then  be  adjusted  for  maximum  output  with 
symmetry  around  a 21«li  me  center  frequency. 
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2.7  I.F*  Alignment 

The  characteristic  of  cascaded  critical  coupled  amplifier  stages 
is  such  as  to  mako  alignment  difficult?  however,  the  advantages  of 
response  stability,  gain,  and  adjacent-channel  selectivity  make  this 
type  of  coupling  most  desirable.  Alignment  has  beon  kept  as  simple 
as  possible  by  using  transformers  with  almost  identical  characteristics. 
The  primary  and  secondary  W's  nave  Deen  Kept  high  and,  therefore,  tne 
mutual  coupling  lew  for  the  required  bandwidth.  These  factors  suggest 
a rather  simple  alignment  procedure  with  a minimum  of  equipment.  The 
resonant  frequency  of  the  primary  or  secondary  in  the  absence  of  the 
other  (no  coupling)  is  very  nearly  the  proper  tuning  when  the  circuits 
are  coupled. 

If  the  primary  circuit  is  detuned  and  the  secondary  adjusted  to 
maximum  output  and  then  the  primary  tuned  to  maximum,  the  overall  re- 
sponse will  be  approximately  correct.  The  pr  ocedure  is  then  as  follows s 

2.7.1  Remove  oscillator  tube  to  prevent  mixing  at  a signal  gener- 
ator harmonic  frequency. 

2e7«2  Set  receiver  dial  to  200  mcs. 

2.7.3  Set  signal  generator  to  21. a mcs  aim  connect  to  antenna 
terminals.  If  sufficient  output  is  not  obtained,  connect  to 
mixer  grid. 

2.7oi*  Connect  high-resistance  voltmeter  (Volt  Ohmyst  type)  to 
second  limiter  grid  return  (test  point  TP-111).  The  signal 
strength  meter  may  be  used  as  an  output  indicator  with  equal 
accuracy. 

2.7.5  Set  generator  to  produce  approximately  2 volts  on  7TVU  or 

2.7.6  If  the  I.F.  amplifier  is  known  to  be  considerably  out  of 
adjudment.  it  is  desirable  to  peak  TIOi,  1102,  T103,  and  T10U  to 
provide  adequate  gain. 

2.7.7  Detune  primary  by  tuning  the  bottom  slug  of  TlOii  counter- 
clockwise against  the  stop. 

2.7.8  Increase  signal  generator  output  to  produce  approximately 
2 volts  on  VTVM  or  5 uv  on  the  signax-strength  meter. 

2.7.9  Adjust  secondary  (top)  of  TlQlj  for  maximum  indication. 

2.7*10  Adjust  primary  (bottom)  of  TlOii  for  maximum  indication, 
keeping  signal  generator  adjusted  for  2 volts  output  indication. 
DO  NOT  readjust  secondary  for  maximum,  as  this  will  result  xn  im- 
proper adjustment. 
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2*7.11  Repeat  steps  2.7.9  and  2.7*1C  for  T103,  Ti02,  and  TlOl. 
NOTE*  It  is  not  necessary  that  this  sequence  be  followed,  as  auy 
transformer  muy  be  adjusted  without  affecting  the  other. 

The  alignment  may  be  checked  by  varying  the  signal  generator  fre— 
qtBncy  ^2^0  kc.  The  output  voltage  should  be  constant  +1  dh  over  this 
range. 


If  a sweep  generator  and  an  oscilloscope  are  available,  they  may 
be  used  to  check  the  response;  however,  the  above  procedure  should  first 
be  performed  and  then  the  shaping  checked  or  retouched  as  required  in 
the  light,  of  the  visual  display.  For  this  test,  replace  the  signal 
generator  with  the  sweep  generator  and  the  VTVM  iiitu  the  oscilloscope.. 
Slight  retouching  of  the  transformer'/  may  give  some  improvement  in  re- 
sponse shape. 


Check  of  Dial  Stop3 


2.8.1  Loosen  (ii)  screws  on  flexible  coupling  between  dial  and  tuner. 

2.8.2  Rotate  knob  clockwise  to  stop  position. 

2, 8*3  Loosen  set  screws  on  dial. 

2.8.4  Set  dial  to  read  "zero"  and  tighter,  set  screws* 

2.8.5  Rotate  knob  counterclockwise  until  dial  returns  to  zero. 

2.8.6  Set  stop  nut  if  necessary. 

2.8.7  Rotate  tuner  shaft  cnockwise  until  tuner  is  stopped  by  its 
own  mechanism. 


2*5*8  Tighten  screws  on  flexible  coupling. 
2.  9 Local  Oscillator  Adjustment 


The  only  adjustments  to  bo  made  in  the  local  oscillator  are  to 
make  the  tuning  dial  read  properly.  If  the  dial  reading  is  correct, 
disregard  this  section.  If  a tube  has  been  replaced  and  an  error  is 
noted,  it  may  be  corrected  by  adjustment  of  C116  (screwdriver  adjust- 
ment adjacent  to  oscillator  tube).  This  adjustment  should  be  made  with 


d 5 i Aol-L 


1 generator  of  higji  accuracy  with  crystal  check  points  spaced 


2 to  10  me  and  should  be  made  at  about  200  mcs.  If  component  parts 
have  been  replaced  or  wiring  disturbed,  the  dial  may  show  an  error  at 
the  high  end  (260  mcs. ).  This  is  correct  by  adjusting  L105A  (a  short 
hairpin  loop  made  of  bus  wire).  Sufficient  range  may  be  obtained  by 
adjusting  the  shape  of  this  hairpin.  The  200  me  point  should  then  be 
recheckea  since  the  adjustments  are  related. 
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The  modification  of  the  Clarke  receiver  was  planned  with  a view 
to  making  the  restoration,  to  variable  tuning  as  simple  as  possible. 

The  bracket  which  mounts  the  coupling  coil  and  the  coaxial  cable  say 
be  removed  by  taking  out  two  screws,  and  unsoldering  the  1 uuf  coupling 
capacitor  from  the  coupling  coil.  The  free  end  of  the  coupling  capacitor 
is  then  soldered  back  to  Vis  lug  of  L 105>,  The  original  6J6  oscillator 

C r*? r*. y/ ^ — *Z‘S C ? 2.1g^  oV*  i nofal  ' Vjac? 

been  taped  to  its  shield  and  to  the  top  of  the  R.F.  shield  an  the 
receiver.  Insertion  of  this  tube  in  the  socket  restores  to  operation 
the  tunable  oscillator.  The  three  power  leads  to  ths  crystal  oscillator 
are  then  unsoldered  and  the  crystal  oscillator  may  be  removed  from  the 
receiver.  If  it  is  not  necessary  to  remove  the  crystal  oscillator 
completely,  variable  tuning  nay  be  restored  merely  by  changing  the 
connection  of  the  1 uuf  coupling  capacitor,  msertins  the  6J6  tube,  and 
disconnecting  the  red  B+  lead  to  the  crystal  oscillator. 


In  sane  receivers  after  the  crystal  oscillator  was  installed,  the 
VR150  regulator,  V-112,  ceased  to  function,  since  the  three  5703  tubes 
draw  about  8 ma  more  than  the  6J6.  When  this  conditon  occured,  R165  was 
adjusted  until  minimum  current  necessary  to  regulate  was  obtained.  This 
adjustment  was  of  the  order  of  about  10/S. 


If  it  is  necessary  to  change  tubes,  the  leads  of  the  replacement 
5703  should  be  cut  to  .2  inches.  A red  dot  on  ths  socket  shews  which 
end  the  red  dot  on  the  tube  should  face.  A serven  pir,  socket  is  used  in 
order  to  avoid  bending  the  tube  leads.  Since  there  are  only  five  leads 
on  the  tube,  care  should  be  observed  in  inserting  the  tube  so  that  the 
leads  go  into  the  proper  holes.  Generally,  little  difficulty  should 
be  encountered  as  the  supports  and  sockets  are  lined  up  to  minimize 
error. 


2.10  R.F.  Amplifier  Alignment 

The  band  pass  circuit  between  the  R-F.  amplifier  and  mixer  need 
only  be  adjusted  at  the  low  end  of  the  frequency  range  as  the  coupling 
arid  band  pass  are  great  enough  at  the  high  end  to  take  care  of  all 
normal  variations  encountered.  To  adjust  these  circuits  (C103  and 
0107)  it  is  necessary  only  to  tune  in  a signal  at  about  200  rocs  (from 
a distant  transmitter  or  loosely  coupled  signal  generator)  and  adjust 
for  maximum  reading  on  the  signal-strength  meter.  It  will  be  noted  that 
variation  of  C107  will  affect  the  local  oscillator  frequency,  and  the 
dial  should  D6  adjust oq  x»o  k 0 sp  ^ i m u uu o • iri6  xnpuu  circu^  v 

is  sufficiently  broad  not  to  require  adjustment,  C105  should  be  ad- 
justed only  with  visual  equipment.  The  sweep  generator  should  be 
connected  to  the  antenna  terminals  and  an  oscilloscope  to  TP-117.  The 
coupling  should  then  be  adjusted  until  a slightly  overcoupled  shape  is 
observed. 


- 36  - 
RESTRICTED 





RESTRICTED  DLM-17 

SECURITT  INFORMATION  AFSWP-221 


2.11  Signal  Strength  Meter  Calibration 

This  requires  a sipnai  rer.erat.cr  with  a 7C-  ohm  output  impedance 
and  calibrated  from  1 uv  to  10  mv.  Connect  signal  generator  to  antenna 
terminals  and  set  to  215  mes  and  10  mv,  across  the  output  line.  Tune 
receiver  ana  set  control  in  rear  labeled  "10  mv  adjust"  to  read  properly 
on  signal-str»ncrrr,  meter.  The  scale  should  be  checked,  but  if  con- 
siderable inaccuracy  is  noted}  vTCx  should  be  i eplaCod*  If  high  accuracy 
is  required,  the  calibration  curve  mu3t  be  used. 


3.C  Subcarrier  Amplifier 


3.1 


Uoi.Wdl 


The  output  from  the  Clarke  FM  receiver  is  fed  into  a sub-carrier 
amplifier.  Each  amplifier  has  circuits  for  individually  amplifying 
and  separating  four  different  subcarriers  frcm  the  JM/FM  composite 
telemetering  signal  coming  frcm  lie  receiver.  In  this  station  only  the 
first  three  channels  are  used,  the  fourth  is  a spare. 

As  shown  in  Figure  1?  the  input  lead  supplies  the  composite 
signal  through  individual  500K  gain  controls,  R501  through  R?0li,  to 
each  of  four  cathode  followers,  7501  through  vyOh.  These  tubes  are 
mounted  on  the  chassis  immediately  behind  the  front-  panel.  The  output 
circuits  of  these  cathode  followers  connect  through  plug-in  band  pass 
filters  to  amplifier-cathode  foil  owe-' output  tubes  V502,  V503,  V505  and 
7506„  These  filters  are  mounted  in  individual  cases  and  are  plugged 


into  four  x eceptac] 


Poster  voltage  and  25n  volts 


plate  voltage  are  supplied  bv  a separate  regulated  power  supply.  Con- 
nections are  made  through  a 12  pm  connector  mounted  at  the  rear  of  the 
chassis. 

The  meter  M501  on  the  front  panel  can  be  connected  by  means  of 
switch  S?H?01j  mounted  immediately  belcw  it,  to  measure  plate  current  to 


In  operation,  the  first  cathode?  followers  in  the  four  channels 
serve  principally  to  isolate  the  individual  filter  loads  frcm  the 
receiver  output  circuit  and  from  each  other.  As  the  impedance  of  each 
filter  is  510  ohms,  four  such  filters  in  parallel  would  present  a very 
law  impedance  load  to  the  receiver  output  circuit,  and  would  produce  a 
very  bad  impedance  mismatch.  A further  purpose  in  isolating  the  filter 
input  circuits  is  to  prevent  the  return  of  reflections  xi  uw  ihe  filters 
to  the  receiver  output  circuit.  The  output  signal  from  the  filter 
drives  the  output  tube.  In  the  output  tubes,  which  are  12AT7  twin 
triodes,  the  first  triode  is  used  as  a linear  amplifier  to  drive  the 
second  section  -which  functions  as  a cathode  follower  output  coupling 
means. 

NOTE;  Mounted  above  the  gain  control  of  each  of  tb«  •'  onannels  ij 
a white  designation  ^ " __  _.«quency  is  to  be 

written  in  pencil  on  this  plate  when  the  filter  is  installed  or 
replaced. 

~ 37  - 
RESTRICTED 


rUhi 


RESTRICT® 

J BCURITY  INFORH/LTION 


DIA4-17 

AFSWP-22I 


yiTIT 


ii.i.  - ‘ Pex  at- j r.r 


The 

regulated 


-2 r'  •."«  • ted  power  supply  provides  k1'  fixamem  voltage  and  a 
-■C  '.ate  voltage  for  the  filter  “amplifier. 


■ tg  choke  input,  two  section  filter  p:  ov  ies  good  regulation 

and  f t.-,  A 6AS7  variable  resistance  tube  is  us  i to  regulate 

tne  ou  py«  v cage.  Changes  in  load  or  supply  voltap  / are  compensated 
icr  o va  .j  ;;  the  trans conductance  of  this  tube  to  r Intain  constant 
c,u  i T ■«  ‘3L7  tuba  (V703)  using  the  voltage  acres  V70U  as  a fixed 

r 1 .ace  a rates  to  change  the  bias  voltage  on  VY-:  in  such  a direc- 

to  o'  -se  any  change  in  output.  Thus,  if  the  ine  voltage  falls, 

■'  niaa  c e grids  of  V702  goes  more  positive.  T a increases  the 
1 -hnscond1  i ce  of  V702,  thus  tending  to  maintain  r.c  pstant  output- 
•rrrent*  h two  triode  sections  of  7702  are  used  ii  parallel,  and  a 
balance  c ;t  1 R701  is  provided  to.  divide  the  currei  i.  equally  between 
the  o + c sections.  H701  is  a screw  driver  ' art ji  ntment  located  on 

the  frct'it  a 1.  The  panel  meter  in  switch  position  1 and  2 indicates 
separate.1  r.  . current  through  each  triode  section..  ;fith  this  switch 
in  nosit v ? the  meter  indicates  total  output  curre  and  in  position 
1-  'he  of  -v  ■■  '••cite'  c— . Ti rate.'  pewo..*  ouept  of  th  unit  is  25>0  milli- 
amperes.  % **e*(  driver  adju.:  onent  R?09  evailab!!  ; on  the  front  panel 

for- ao. just  jv.-  the  output  voltage  to  250  volts. 


The  'a-.-ri  Input  power-  ..p.  200  watts  115?  50-60  c ycles.  The  3Ag  5 
-y  ampepe  fu.e  i ‘ ;■■■  replaceab i.6  from  the  front  panel. 

A sc  iree  of  6.3  v«-*ts  i1  i«sht/-.r  curr-iv  iu  iTcto  provided  in  the 
unit  for  vee  in  external  circuits. 


li.2  Adji  stment 

Aft'’r  the  power  has  been  applied  and  the  load  with  which  the  power 
supply  is  normally  to  be  used  is  connected  to  P701,  two  adjustments  are 
required*  With  meter  switch  S702  in  position  E,  adjust  "voltage  adj„" 
control  R'  09  on  front  panel  until  meter  reads  250  volts.  With  meter 
switch  fiJ  at  in  "Bai"  position  1 and  then  position  2t  adjust  R701  until 
the  meter  reading  is  the  same  for  both  positions.  These  two  adjustments 
must  be  repeated  when  any  tubes  are  replaced. 

h.3  Mail  tenance 

U.3.,  1 No  output  AC  or  DC. 

iu3.1.1  If  the  tubes  including  the  pilot,  do  not  light,  re- 
place fuse. 

Iw3.1.2  Check  continuity  of  transformer  primary  and  second- 
aries. 
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U.3.1.3  Check  continuity  of  primary  circuit  from  P?Oi 

O. V|  -TP  »•  • -»V»  CJ-v-SH  » 

'JaT  wugn  ana 

)is?.l »!;  Hr^l3C9  dsfsctiVv  psrts. 
ii-3*2-No  Dn  outout* 

U.3.2.1  Replace  tube*  7701  (5RUGT)  or  V?02  (6AS7), 

U.3.2.2  Check  continuity  of  power  transformer  secondary 
(T701). 

U.3.2.3  Check  continuity  of  chokes  L7C1  and  L7G2. 

U.3.2.U  Check  continuity  of  potentiometer  R701  and  resistors 

P01  o --.j  t>*7T  O 

ftixx,  - ctHG  &f±J « 

li.3.3  Wrong  DC  output  voltage, 

U.3.3.1  If  the  tubes,  transformer  and  chokes  check  satisfac- 
torily, the  circuit  operation  must  bs  checked. 

U*3 • 3.2  Using  a vacuum  tube  voltmeter,  measure  the  voltage 
across  the  5651  voltage  reference  tube  V70U.  ' It  must 
measure  between  52  and  89  volts. 


’ i.3«3«3  If  the  voltage  measures  outside  these  limits  replace 
the  tube. 


t.  1 1 I.  CVxa.-'U  -n 

OH  -i.  w.» 


CMpudyCrs  pcssibls 


short  circuits. 


U.3.3.5  Using  an  accurate  ohmmeter,  measure  the  resistance 


value  of  each  resistor  on  th 
Tftiicbi  ds^istss  i-Mi  indi- 


e terminal  board. 

'Hvod  '» aJ.ua  bjT  luOrc 


should  be  replaced. 


Any  resistor 

XI OAirf 

vacui 


iu3«3«6  Variable  resistor  R709  on  the  front  panel  should 
also  be  chec!®dfar  resistance  value  (10K). 


5.0  Discriminator 


K . I ThOAwr  nt‘  hna>*ati  r>n 

The  TDA-U  discriminator  is  capable  of  being  timed  to  any  one  of  the 
subcarrier  channels  by  means  of  a discriminator  plug-in  tuning  unit. 

The  functioning  of  the  discriminator  is  the  same  for  any  subcarrier 
frequency  employed. 
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The  discriminator  input  stage  employs  a dual  purpose  vacuum  tube 
with  a ti'iode  section  for  signal  amplification  and  dirde  section  for 
rectification  of  a portion  of  the  amplified  input  signal.  This  recti- 
fied signal  is  applied  to  a meter  on  the  front,  panel  for  input  signal 
level  indication.  The  amplified  signal  from  the  triodo  section  is  fed 
to  a clipper  stage  which  limits  the  sine  wave  and  feeds  it  to  an  Eccles 
Jordon  trigger  circuit  having  two  staple  limiting  conditions.  This 
sta^e  functions  as  a signal  limiter  and  wave  shaper  to  provide  a rec- 
tangular waveform. . 

The  Eccles  Jordan  trigger  output,  after  being  differentiated* 
drives  an  amplifier  stage  which  is  biased  to  plate  current  oul-off. 

This  amplifier  performs  the  dual  function  of  clipping  the  negative 
peaks  while  amplifying  and  inverting  the  phase  of  the  positive  peaks. 
The  resulting  negative  signal  pulses  trigger  a univibrator  which  has 
one  stable  limiting  condition.  The  interval  required  for  the  univi- 
brator to  return  to  its  stable  condition  after  receiving  a triggering 
pulse  i3  controlled  by  a resistance  capacitance  network.  Components 
in  a plug-in  tuning  unit,  in  conjunction  with  controls  on  the  front 
panel*  determine  the  length  of  the  unstable  interval  of  the  univi- 
brator. The  length  of  the  unstable  interval  is,  therefore,  independ- 
ent of  the  rate  of  the  driving  signal  pulse.  The  length 

of  the  stable  period  is  dependent  on  the  repetition  rate  of  une  signal 
pulse,  sii.ee  it  is  equal  to  the  time  of  the  unstable  interval  sub- 
tracted from  the  time  interval  between  successive  signal  pulses,  lfhen 
the  repetition  rate  of  the  signal  pulses  (equal  to  the  input  signal 
frequency)  changes*  the  stable  period  of  the  univibrator  is  changed. 

The  two  plates  of  the  univibrator  are  coupled  to  the  grids  of  a 
pushpull  cathode  follower.  The  rectangular  signals  from  the  cathodes 
of  the  cathode  follower  are  fed  through  a resistance-capacitance  low 
pass  filter  to  the  grids  of  another  cathode  follower. 

The  areas  under  the  curves  of  the  filtered  positive  and  negative 
half  cycles,  applied  to  the  grids  of  the  cathode  follower*  vary  rel- 
ative to  one  another  as  a function  of  signal  frequency.  The  output 
signal  is  taken  from  the  cathodes  of  the  second  cathode  follower.  For 
a center  frequency  input  signal,  no  output  is  developed  because  the 
area  under  the  curve  of  the  positive  half  cycle  is  eoual  to  the  area 
under  the  curve  of  the  negative  half  cycle.  For  signals  differing  from 
center  frequency,  an  output  signal  is  developed  whose  polarity  and 
magnitude  are  a function  of  the  direction  and  amount  of  deviation  of 
the  input  signal  from  the  nominal  center  frequency.  A *ero  center 
meter  is  located  on  the  front  panel  and  connected  in  seri®0  ’eith  one 
output  lead  to  indicate  output  current  and  polarity. 
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Circuit  constants  and  voltages  are  so  chosen  that,  when  the  sub- 
carrier signal  is  at  center  frequency,  the  voltage  difference  at.  the 
cathodes  of  the  output  cathode  follower  is  essentially  aero.  Balance 
controls  are  provided  to  permit  adjustment  of  the  zero  condition* 
Shifting  of  the  subcarrier  frequency  above  or  belcw  center  frequency 
will  thus  cause  a voltage  difference  at  the  cathodes  to  be  indicated 
cn  Kuo  Output  lUBbei'  as  a sniit  in  reading  above  cr  below  the  mid  sc  ale 
zero  reading. 


Circuits  are  provided  in  the  discriminator  to  protect  the  tubes 
and  meters*  These  circuits  function  when  the  unit  is  first  turned  on, 
when  an  input  signal  outside  tne  normal  pass  band  is  applied,  and  when 
the  input  signal  is  removed.  The  circuits  performing  the  last  two 
functions  increase  the  stability  of  the  discriminator  by  limiting  the 
cathode  current  of  the  output  stages  to  safe  values* 

5*2  Operational  Check  of  Discriminator 

5*2*1  General  Functional  Check 

5. 2.1.1  Connect  discriminator  in  circuit  shown  in  Figure  Lu. 
and  tune  the  audio  oscillator  t«  the  center  frequency  cf 
the  tuning  unit  in  the  discriminator.  The  total  resistance 
of  the  meter  and  resistor  must  be  330  ohms.  The  meter-  should 
read  15  milliamperes  each  side  of  center, 

5. 2. 1.2  Turn  input  control,  R3C1,  to  zero* 

5*2, lc3  Adjust  output  control  R368  to  70. 

5. 2.1. it  Compensation  polarity  switch  S30U  should  be  in  “OFF" 
position  (center  position). 


5.2. 1.5  Turn  power  switch,  S301,  "ON". 

5. 2. 1.6  After  two  minutes  warmup,  check  each  position  of  the 
test  meter  switch,  S302,  to  insure  that  the  reading  on  the 
test  meter,  M303,  are  between  .7  and 


5*2. 1,7  Allcw  a 15  minute  warmup  period. 


^ . 0 T_  A Tm»n  +■  to 


~ 

**<  UU  J UlU  w 


oscillator  output  control  to  give  midscale  indication  on 
the  discriminator  input  meter,  M3 01. 


5. 2. 1.9  Pr  ess  center  test  switch,  S303,  to  momentary  position 
and  adjust  output  on  M302  for  zero  (center  scale)  by  means 
of  the  center  adjust,  R3l0.  Then  release  &oitCh«  2 Cj  e 
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5*2.1.10  Rotate  the  fine  balance  control,  R331,  throughout 
its  full  range  and  set  it  to  its  approximate  center  position. 

3.2.1.11  With  center  frequency  applied  to  the  discriminator 
from  the  oscillator,  adjust  the  coarse  balance  conU  ul,  R329, 
to  give  approximately  zero  output  on  the  cutout  roehe^ . win?, 
make  final  adjustment  to  zero  with  the  fine  control,  R331. 


5*2<>i.l2  Decrease  slowly  the  frequency  of  the  audio  oscil- 
latorto  approximately  -7  l/25  of  center  frequency  and  note.- 
the  negative  swing  on  the  output  meter,  U302,  which  should 
vary  in  proportion  to  the  input  frequency  change. 


H • 

i 

pH 

I 

4 • 

9 


l 

i 


3.2.1.13  Increase  the  frequency  of  the  audio  oscillator 
slowlv  to  approximately  :-7  1/2%  of  center  frequency  and  note 
the  positive  swing  on  the  output  meter,  K302,  which  should 
vary  in  proportion  to  the  input  frequency  change. 

5.2.1.11;  Adjust  the  input  frequency  to  +7  l/ 2%  cf  center  fre- 
quency. With  total  external  load  including  meter,  load 
resistor,  and  lew  pass  filter  (if  any  used)  equal  to  330  ohms, 
vary  the  output  control  %6R  from  0 to  100  and  note  the 
logarithmic  increase  in  current  through  the  external  meterp 

5« 2.1.15  Leave  the  output  "ontroi  R368  at  100  and  note  that 
the  output  current  through  the  external  meter  is  greater 
than  +10  ma  at  +7  l/ 25«  unange  the  frequency  to  -7  l/2% 
and  note  that  the  external  output  current  exceeds  -10  ma 
at  this  point. 

5.2.1.16  Again,  with  the  output  control  R368  at  100.  in- 
crease the  frequency  beyond  the  7 1/2%  and  note  the  current 
through  the  external  meter  at  which  further  increase  in 
frequency  will  not  change  the  output  current.  The  output 
limiter  should  come  into  effect  at  approximately  +15  ma. 

Repeat  bv  decreasing  the  frequency,  this  limiter  operating 
at  -15  ma. 

5.2.1.17  Check  the  standby  stabilization  circuit  by  ob- 
serving the  waveform  on  pin  Nc.  5 of  V303  when  the  input- 
control  R3uL  is  turned  to  zero.  It  should  be  a square  rave. 
The  output  meter  VJ3C2  should  indicate  zero  or  center  seals. 

5.2.2  Linearity  Check 

5. 2. 2.1  Use  the  test  setup  as  shown  in  Figure  4! 

5*2. 2. 2 Turn  incut  control,  R301,  to  1005  and  adjust  audio 
oscillator  output  control  to  give  midscale  indication  on 
the  discriminator  ''nput  meter,  M301* 


RESTRICTED 


% 


I 


near wwaRSP’.’,- S E 3g2S*S»F*  . . "• — ta-w'Wi. 


RESTRICTED 

SECURITY  INFORMATION 


I.  the  OUTPUT  METER  SHOULD  BE  CAPABLE  OF  /MC>|CfArilU<S 

15  MA,  each  side  of  CENTER  or  a POLARITY  REVERSiH^ 

SWITCH  MUST  BE  (MSERTED. 


?•  Trir  RES  15  ! AMCfc  ( R)  PLUS  THE  /WTERWAL  r A NICE 

OF  THE  METER  SHOULO  BE  330  OHMS. 


Disck/m iniatoc  Test  Circuit 

Figure  - Ul 
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Press  center  test  switch,  S3Q3j 

- t c*rr  f 

means  of  the  center  adjust.-,  R3L0.  Then  release  switch,  S303, 


i $ uu  JuoiGon  uSrjr  posi-* 

tion  and  adjust  output  cn  M302  for  zero  (center  scale)  by 


£•2,2.4  Rotate  the  fine  balance  control,  R331,  through  its 


full  ranc;  an/! 


' ^ ^ 4-  r\  i t o n ■»»  ~ ^ J',',  1 ^ , 


/vuu.i/i.vyU| 


£.2.2,£  With  center  frequency  applied  to  the  discriminator- 
fran  the  oscillator,  adjust  the  coarse  balance  control,  R329, 
to  give  approximately  zero  output  on  the  output  meter,  M302. 
Make  final  adjustment  to  zero  with  the  fine  control,  R331, 


£.2,2,6  Set  the  output  control  to  100„ 

£.2,2,7  Adjust  the  input  frequency  to  +7  1/2% f +2  1/2%,  0, 
-2  l/l%i  -5%,  -7  l/2£  and  record  the  output  current  on  the 
external  meter  at  each  frequency. 


£.2.2.8  Plot  a curve  of  output  current  vs  frequency.  This 
curve  should  be  linear  within  0,5%  of  full  scale  reading. 

£.2,1  Output  Stability 


£.2,3.1  Operating  Stability 

£.2.3. 1.1  Use  the  test  setup  as  shown  in  Figure  LI, 

£.2, 3, 1,2  Turn  input  control,  R301,  to  100^  and 
adjust  audio  oscillator  output  control  to  give  mid- 
scale  indication  on  the  discriminator  input  meter,  M301. 


£.2. 3, 1,3  Press  center  test  switch,  S303,  to  momen- 
tary position  and  adjust  output  on  M302  for  zero 
(center  scale)  by  means  of  center  adjust,  R3U0., 

Then  release  switch,  S303, 

£,2,3,1»L  Rotate  the  fine  balance  control,  R331, 
throughout  its  full  range  and  set  it  to  its  approx- 
imate center  position, 

£.2,3. 1»£  With  center  frequency  applied  to  the 
d^5cr^ii»  i ---* vv*  a i'viii  wocixid tor , aciq  us o uie  coarse 

balance  control,  R329,  to  give  approximately  zero 
output  on  the  output  meter,  M302.  Make  final  ad- 
justment to  zero  with  the  fine  control,  R331, 

£.2, 3*1*6  Set  the  output  control  to  100, 

£,2.3»io7  Adjust  the  input  frequency  to  center 
freouency. 
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Record  the  output  current  on  the  external 
peter  after  one-half  hour,  one  hour,  one  and  one-half 
hours,  and  two  hours.  Make  sure  that  the  center  fre- 
quency is  being  applied  when  the  reading  is  being  take 


!'r.c  output  current  should  not  drift  in 
excess  of  +0*5%  per  hour0 

5.2, 3*2  Standby  Stability 

5. 2. 3.2.1  Use  the  test  setup  as  shown  in  Figure  Ul« 

5.2.302.2  Turn  input  control,  R301,  to  100?  and 
adjust  audio  oscillator  output  control  to  give  raid- 
scale  indication  on  the  discriminator  input  meter, 
M301. 


5o2.3.2.3  Press  center  test  switch,  S303,  to  mom- 
entary position  and  adjust  output  on  M302  for  zero 
(center  scale)  by  means  of  the  cenuer  adjust,  R3U0. 
Then  release  switch,  3303. 

5.2. 3.2, it  Rotate  +he  fine  balance  control,  ^331, 
throughout  its  full  range  and  set  it  to  its  approx- 
imate center  position, 

5*2,3,2#5  With  center  frequency  applied  to  the  dis- 
criminator from  the  oscillator,  adjust  the  coarse 
balance  control,  R329,  to  give  approximately  zero 
output  on  the  output  meter,  M302.  Make  final  ad- 
justment to  zero  with  the  fine  control,  R331. 

5.2.3»2.6  Set  the  output  control  to  100. 

5.2. 3.2.7  Adjust  the  input  frequency  to  center  fre- 
quency and  record  the  output-  current  on  the  external 
load  meter. 

5. 2. 3.2. 8 Reduce  the  input  control,  R301.  to  zero. 


5.2.3.2.9  After  one-half  hour,  check  the  frequency 

4-  - x ....  f*  7...  i\ i A.  _ w A.  . 

w’J  'vwi  ivvil  AX  | 1 UJ  11  Of  It?  Jllpu  t UUilUi  U1  to 

100?  and  record  the  output  current  on  the  external 
meter. 


5.2.3.2.10  Repeat  steps  (s)  and  (f)  after  one  hour, 
one  and  one-half  hours,  and  li»c>  hours. 

5.2.3.2.11  The  output  current  should  not  drift  in 
excess  of  +0.5?  of  bandwidth  per  hour. 
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>.2.3.3  Troubleshooting  Procedure 
N. 2. 3.3.1  General 


Make  a preliminary  test  by  attempting  to  run 
through  the  nnprst -i  onal  check.  The  point  in  the 
procedure  at  which  a peculiar  characteristic  is  noted 
nay  indicate  the  circuit  where  the  trouble  exists, 
if  this  fails  to  disclose  the  source  of  the  trouble, 
check  individual  circuits. 


Ccnr  cfc  the  discriminator  in  a circuit  as  shown 
in  Figure  ill  and  tune  the  audio  oscillator  to  the  center 
frequency  cu  the  tuning  unit  that  is  mounted  in  the 
discriminator. 


Turn  the  innut  control,  R301,  100^  and  the  out- 
put control,  R368,  to  70. 

Adjust  the  audio  oscillator  voltage  to  NV  rms. 

Turn  the  compensation  polarity  switch.  S30I1 
to  the  "OFF"  position. 

Turn  the  power  switch,  S301,  to  the  '’ON”  posi- 
tion, If  the  pilot  light  fails  to  light,  check  the 
fuze  F30I  and  the  indicator  light  1301. 

Allow  unit  to  warmup  at  least  two  minutes. 

N.2.3.U  Discriminator  voltages 

This  table  indicates  the  DC  voltages  *which  can  be 
expected  at  each  pin  of  the  tubes  in  the  discriminator.  The 
vi'vii  used  to  make  these  measurements  nrnsn  have  a high  im- 
pedance input  such  as  the  General  Radio  type  1800A. 

Voltages  must  be  checked  in  the  order  given  in  the  procedure 
in  order  to  localize  the  trouble.  The  portion  of  discrimi- 
nator- circuit  preceeding  the  points  being  tested  must  be 
functioning  properly.  The  discriminator  must  be  driven  by 
the  center  frequency  of  the  tuning  unit  being  used,  and  be 
correctly  balanced  frequency. 

NOTE 

These  voltages  are  measured  porHive  with  respect 
to  the  power  supply  or  copper  ground,  and  not  chassis  ground. 
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TABLE  I 


PIN  NO. 


Tube 

I 

n 

. 

2 

Li. 

u 

5 

6 

7 

8 

9 

nnci 

1 / 

1 ~r\ 

Wrt 

28 

Ij 

On 

ii.5  to -1.8 

U.8  to  -l.fi 

185 

1 

1 

V302 

70 

28 

93 

93 

no 

18.5 

28 

98 

V303 

20.5 

29 

96 

9b 

86 

118 

29 

— 

1 

V30lt 

8i? 

l).-? 

98 

98 

86 

97 

lii.5 

— 

... 

V3(£ 

8.i 

1U.5 

98 

98 

82 

108 

lh.5 

— 

— 

in  06 

310 

82 

98 

98 

96 

310 

85 

97 

98 

V307 

97 

105 

98 

98 

310 

275 

97 

— 

— ! 

V303 

97 

105 

98 

98 

310 

280 

97 

- 

— 

7309 

278 

AnA 

tfO 

Xio 

fi.ro 

310 

310 

280 

— 

— 

vot  n 

■ JXV 

•?  nT 

VIA 

XJL& 

AsC 

Al> 

158 

112 

— 

— 

7311 

105 

% -»  A 

xx£ 

98 

98 

27? 

158 

n2 

— 

- 

V312 

ii 

0 

98 

9b 

0 

- U 

280 

— 

- 

T7-n  0 

- u 

0 

98 

98 

0 

- h 

280 

— 

— 

V3lli 

150 

— 

— 

0 

150 

— 

0 

— 

V315 

0.1 

0.1 

0.69 

98 

98 

280 

0.69 

12 

98 

V316 

0.12 

1.25 

98 

98 

w_- 

290 

150 

1.2? 

— 

These  voltages  vary  between  the  extremes  shown  as  the  input  meter  is 
varied  from  .2  to  .8  ma. 


?.2<,3oia  Pcwer  Supply 


Check  each  position  of  the  test  meter  switch,  S302 
for  a .7  to  .9  ma  reading  on  the  test  meter  M303 


nal 

^ AA 


If  any  of  the  readings  are  incorrect  use  an  exter- 
VTVM  to  measure  the  DC  voltage  C325  (approximately 

VOaUS  / uiiu  uwl'CSo  VJ /Hi  Sppr OAJUuaX>€iy  VOios  )• 


T "f*  4-  W aa  a nr/>l  4 e •?  a a aa  4 rtVinoIr 

vttvw  w » ugvw'  ou  u xttwx  a.  uv  v j oiivvn  kuo 

powpr  supply  components,  including  V312,  V313, 
V31i»,  R358,  R359*  R362,  R367,  C323,  C32U,  C329, 
L301,  and  T30I. 


Tf  these  voltages  measured  correctly^  check  the 
test  meter  resistors  associated  with  the  position 
for  which  an  incorrect  reading  was  taken  in  step  1. 
These  resistors  includes 


! 


! 

I 
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i 

Si 

* 


a 


1 « 


Position 

1 

2 

3 

1 

a 

5 

6 


Resistor 

R360 

R363 

R362 

m ci. 

At  JUU 

R361 

R376 


5. 2,3.6  Tuning  Unit 


Replace  the  tuning  unit  and  start  a general  Func- 
tional check.  IF  the  discriminator  now  checks  satisfactory 
the  trouble  may  be  assumed  to  exist  in  the  tuning  ‘unit. 


5.2.3. 7 Fre-iteplifier  Stage 


Use  an  oscilloscope  across  pins  1 and  2 of  the  input 
connector  J301.  IF  the  sine  waveform  is  not  received, 
check  output  of  the  audio  oscillator  and  the  resistance  of 
tli 8 incut  2.0V si  sdiustissnt « J?301* 

On  pxn  1 of  7301  the  waveform  should  be  as  shewn  at 
A in  Figure  20.  IF  not  check  R302  and  V301. 

On  pin  of  7316  the  waveForm  should  be  similar  but 
the  top  could  be  slightly  flattened.  If  it  is  not,  measure 
the  DC  voltage  on  pin  7 of  7301.  Check  7301,  %03,  R305, 
R306,  R383,  and  C303. 


IF  no  input  is  shewn  on  the  input  meter,  check  7301, 
R30U,  C302,  and  M301. 

H A A fl  ne  • ..  T\v  J ni  _ 

—U  ri.v  oi  & 

THio  Awn  An  n-!  n C v,a  = 

i**v  CA  VAi’l  '-'•**  > V-*.  vywi.l.'U  U C a o\{ual  u 

wave.  If  not,  measure  the  DC  voltages  for  this  tube  and 
check  the  associated  circuit  components. 

5.2.3. 9 Bccles  Jordan  Limiter  Stage 

The  waveform  on  pin  2 of  7302  should  be  as  shown  at 
B in  Figure  20.  Measure  the  DC  voltages  for  tube  7302, 
and  check  associated  circuit  components. 

5.2.3.10  Pulse  Amplifier  Stage 

Check  the  waveforms  on  pin  1 of  7303  which  should  be 
shewn  at  C in  Figure  20.  if  not,  chock  C307  and  R315. 
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Also  check  the  operation  of  relay  K302  which  should 
close  contacts  2 and  3 when  a square  wave  is  seen  cn  pin  2 
of  7302.  Contacts  1 and  2 should  be  closed,  and  1;  and  5 
should  be  closed  with  no  input  signal. 


If  the  relay  does  not  operate  check  the  DC  voltages 

nn  V ^~)_K  anii  t.ho  SSSr'r%i9.4’°<d  ^ CET'Cri5T1^2  nnn  P"3 1 D,37T 

R378^  R379,  R380,  and  K302. 


If  the  relay  is  operating  correctly  but  there  is  no 
continuity  between  pins  2 and  3 in  the  operating  position, 
clean  contacts. 


5.2.3*11  Univibrator  Stage 

. Check  the  waveform  on  pin  5 of  730U  which  should  be 
similar  to  * in  Figure  20.  If  it  is,  \ary  the  coarse  balance 
control,  R329,  and  the  fine  balance  control,  R331,  and  note 
the  shift  in  half  period  K of  the  square  wave  G.  If  varying 
R329  and  R331  causes  no  effect  on  the  waveform,  check  the 
voltage  divider  network. 


If  the  rectangular  wave  if  not  etc erred,  remove 
V306  from  the  circuit  and  again  check  pin  5 of  V30lt.  If 
this  produces  the  square  wave,  check  V306  and  replace  if 
necessary. 

If  the  square  wave  is  not  obtained,  remove  VjOh 
and  observe  the  waveform  on  pin  5 of  7303.  It  should  be 
similar  to  D.  If  it  is  not,  measure  the  DC  voltage  on  pin 
5 of  V303  and  measure  the  resistance  of  R305,  R3I6,  H317> 
R321*,  R32S,  C308,  C309  and  L302. 

If  the  negative  pulses  are  similar  to  D in  step  3, 

1 __  t __  _ ^ w . t 1 ^ ^ 1 • ^ • j .1  \ . . t ..  ^ n 

OOoci  Vo  uiio  ocuuO  WqVoI  wiot  \ x f-ii  dlu^lxwu'iS  y Oil  pxil  JO 

of  J303.  If  not  seen  check  R325  and  R326  and  1*302. 

Proceed  to  pin  1 of  V?'5  and  note  the  negative 
pulse.  If  the  pulse  is  not  seen  check  7305. 

If  the  pulse  is  observed  on  pin  1,  observe  pin  5 
for  an  amplify sd  posi-ti-vs  pulse^  slaiilar  to  D but  invsrt.ee. 
If  this  is  not  seen  check  the  DC  voltage  on  pin  5 of  V305, 
which  should  read  approximately  20  volts  in  this  condition, 
and  R319,  *320,  R323',  R327  and  0310. 

After  observing  the  pulse  on  pin  5 of  7305,  note 
the  waveform  on  pin  1 of  730ii  which  should  also  be  a 
positive  pulse,  but  of  smaller  amplitude.  Ii  this  13  nca. 
seen,  check  R319,  R320,  and  the  operation  and  contacts  of 
relay  K3n?  (note  pari  5*2.3.10) 
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If  this  waveform  is  satisfactory*  check  730)4  and 
replace  it  in  the  tube  socket  if  it  checks  good.  Then  check 
R322  and  R32>;, 


Adjust  the  coarse  and  fine  balance  controls  R329 
and  R331  to  give  the  maximum  DC  voltage  on  pin  5 of  J3C3 
and  then  the  minimum  voltage.  These  extreme  voltages  should 
be  approximately  30  and  U5  volts.  If  they  are  not  correct, 
check  R328,  R330,  and  R331. 

5.2.3.12  Push-Pull  Cathode  Follower  Amplifiers 

After  a square  wave  has  been  obtained  on  pin  5 of 
730U,  observe  the  waveform  on  pin  8 of  V306,  which  also 
should  be  a square  wave.  If  it-  is  not  check  V306  and  R337. 

Observe  the  waveform  on  pin  3 of  V306  which  should 
be  a square  wave.  If  it  is  not  check  7306  and  E338. 


If  the  square  wave  is  noted  on  both  of  these  cathodeo, 
it  should  then  be  possible  to  obtain  equal  DC  voltages  on 
p-LIio  J and  8 of  7306  by  variation  of  the  coarse  and  fine 
balance  controls  R329  and  R331. 

5*2.3.13  Output  Cathode  Follower  Amplifiers 

After  making  the  adjustment  in  5.2.3*12  above, 
measure  the  DC  voltages  on  pin  1 of  V307  and  1 of  V308 
which  should  be  equal  and  of  the  magnitude  listed  in 
Table  1.  Vary  the  input  frequency  from  -7  l/2^  to  +7  i/2^ 
of  center  frequency  and  note  that  the  DC  voltage  on  pin  1 
of  V307  goes  from  positive  to  negative  with  respect  to  pin 
1 of  V308.  If  either  of  these  tests  fails,  check  V307, 

7308,  E371,  R372.  R3?3,  R3?U,  S3C3,  txii’jL 


Repeat  the  adjustment-  made  in  part  5.2.312  para.  9 above 
measure  the  DC  voltage  on  pin  2 of  7307  ana  2 of  V308  which 
oh  uuxCi  be  equal  and  the  same  as  indicated  in  Table  1.  If 
this  is  obtained,  then  vary  the  input  frequency  and  note 
that  the  DC  voltage  on  pin  2 of  V307  goes 
from  positive  to  negative  with  respect  to  2 on  7308.  If 
these  two  tests  are  satisfactory,  check  K301,  M302,  and 
R368. 


5.2. 3. lit  Protective  Circuit 


If  the  tests  in  part  5.2.3.13 above  fail,  remove 
tubes  7310  and  7311  from  the  circuit  and  repeat  set-  B.  If 
satisfactory  results  are  now  obtained  check  73 08,  -.’30/, 


R3U5,  R3!t6, 
C321,  and  U522. 


•vmj  .“me,  Ribl, 


R352,  R353,  R35U,  C320. 
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If  step  (1)  above  fails,  check  7309,  measure  the 
DC  voltage  on  pin  6 of  7307  and  7306  and  check  R339,  H Uo- 
H3U1,  R3Ji2.  R3»i3=  R3U?;  R3U6,  R3l9,  3320,  ?03l.  33 26,  R3?7 
»372,  C320,  C321,  and  0?r\  jf  ths  DC  VvlUge  between 
chassis  ground  and  the  p offer  supply  13  not  correct  as  shewn 
in  Table  1,.  hut.  +.h«  a-j  scriminatcr  is  functioning  properly, 
check  R356,  H357,  and  C328. 


Filters 


6*1  Band  pass 

6.1.1  Theory  of  Operat i on 

The  hand  pass  filters  are  used  in  the  Filter  Amplifier  units 
to  separate  the  individual  subcarrier  frequencies  from  the  compos- 
ite frequency  modulated  signal.  The  filters  are  made  in  two  band 
widths,  +7a?  and  +!£/£  01  center  frequency.  Attenuation  wi+hin  the 
adjacent  filter  bands  is  not  less  than  uO  db. 

6.1.2  Installation 


The  band-pass  and  high-pass  filters  are  all  packaged  in 
similar  cases,  fitted  with  an  octal  socket.  A flange  on  each  end 
of  the  case  contains  a single  twist  type  fastener  having  a slotted 
head.  The  filter  is  plugged  onto  an  octal  male  receptacle  mounted 
on  the  chassis  of  the  amplifier  filter,  and  a screw  driver  used  to 
tighten  the  fasteners.  Four  filters  are  mounted  side  by  side  on 
the  chassis. 

6.1.3  Maintenance 


Design  of  these  filters  is  such  that  no  maintenance  is 
possible.  Failures  will  not  occur  even  with  intermittent  voice 
pulsed  up  to  100  volts  peak  amplitude.  The  filters  will  operate 
satisfactorily  with  continuous  signal  on  noise  levels  up  to  liO 
volts  peak  amplitude.  Failure  will  occur  only  if  the  filters 
are  used  with  v oltages  higher  than  their  maximum  ratings,  and  in 
this  event  they  must  be  returned  to  tne  manufacturer  for  repair. 

6.2  low  Pass  Filter 

6.2.1  Theory  of  Operation 

The  output  signal  from  each  discriminator  is  fed  to  .its 
associated  recording  galvanometer  through  a low  pass  filter. 

Type  TFL-2A.  These  filters  are  used  for  noise  reduction,  and 
attenuate  at  the  discriminator  output  all  frequencies  above  those 
necessary  to  convey  the  telemetering  information.  They  greatly 
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attenuate  any  fundamental  or  harmonics  of  the  subcarrier  which 
may  get  through  the  discriminator*  These  filters  are  available 
with  l£  different  cutoff  frequencies  from  20  cycles  to  1C£0  eye]  es 
for  use  in  conjunction  with  the  ±7 .7%  band  pass  filters;  and  with 
additional  five  cutoff  frequencies  from  660  cycles  to  2100  cycles, 
for  use  vrath  banc  pass  falters*  Falters  wrth  a cutoff  fre — 
qmucy  of  218  cycle15  are  supplied  with  this  station*  Figure  29 
shows  a representative  performance  curve  for  any  of  these  filters. 


6,2,2  Installation 


TFL-2A  low  pass  filter  is  housed  in  a metal  case,  with  a 5- 
pin  female  receptacle  on  the  bottom  of  the  case,  A flange  on  each 
end  of  the  case  contains  a single  twist  type  fastener  with  a 
slotted  head.  The  filter  is  plugged  onto  a 5>-pin  sale  receptacle, 
mounted  on  the  filter  tray  and  secured  by  turning  the  fasteners 
witn  a screwdriver.  Four  filters  can  be  mounted  side  by  side  on 
this  tray, 

6,2,3  Maintenance 


Design  of  these  filters  is  such  that  intermittent  peaks  of 
100  volts,  or  continuous  1*0  volt  signals,  will  not  cause  breakdown. 
If  higher  voltages  are  used  and  breakdown  occurs*  the  filter  must 
be  returned  to  the  manufacturer  for  repair* 

7,0  Monitor  Panel 


7.1  Introduction 

This  assembly  consists  of  an  oscilloscope,  a vacuum  tube  voltmeter 
and  an  associated  switching  system.  Its  purpose  is  to  permit  observa- 
tions of  signals  from  the  receiver  outputs  and  from  the  subcarrier 
amplifier  outputs  throughout  that  station, 

7.2  Operation 

The  VTVM  and  Scope  pewer  switches  should  be  on.  Intensity,  focus 
and  positioning  controls  function  to  control  the  cathode  ray  beam  in  the 
usual  manner,  and  normally  require  only  initial  adjustments.  The 
vertical  and  horizontal  gain  controls  may  require  readjustments  from 
time  to  time  to  provide  convenient  size  pattern.  The  VTVM  voltage 
selector  switch  should  be  left  on  "AC"  position  for  all  following 
measurements. 
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7*3  Measurements 

7»3#1  Receiver  Outputs 


+ a rt-1  'Ir/vw  iron  ^ /SIN  « .-*«  j«  i i »ii_  - . - . T , 

^ /.  VJWOXV  OA  UMUUVU  JKsl.  y u;ut.j  '**'?  \J ^ j ul'  \-i;>  M<4  J xii 

"REOVR"  position;  and  set  the  VTVM  selector  switch  (S905)  to  the 
corresponding  position  "A",  *B3r,  "C”,  or  "D". 


To  measure  the  outputs  of  any  of  the  four  receivers  set 

3 nnw  e + A ha/*  <-n  ~n  <r /nn*  Awn  4-  a.  Vn  ^Sor'l  0(^/' 


7»3«2  Subcarrier  Amplifier  Outputs 

To  monitor  the  outputs  of  any  subcarrier  amplifier  set  the 
VTVM  selector  switch  to  "CHAN”  and  index  the  channel  selector 
switch  (S9G6)  to  the  desired  channel*  (In  normal  operation  the 
receiver  switches  should  be  Placed  in  "RECVR"  position  for  these 
measurements  so  that  the  receiver  outputs  are  applied  to  their 
respective  subcarrien  amplifiers. 


These  subcarrier  outputs  may  be  visually  observed,  A choice 
of  60  cps  sinusoidal  sweep  or  external  (audio  oscillator)  sweep 
is  available  for  this  purpose# 


7#3.3  Calibration 

To  test  the  subcarricr  amplifiers  and  to  calibrate  the 
station  a locally  generated  signal  from  the  audio  oscillator  is 
applied  to  the  subcarrier  amps  wnile  the  outputs  are  measured  on 
the  VTVM. 


Index  the  function  switch  and  the  desired  receiver  switch  to 
"CAL"#  (This  injects  the  oscillator  signal.)  Placement  of  the 
VTVM  selector  switch  to  "A"*  "H’’,  "C",  or  "D",  according  to  the 
subcarrier  amplifier  employed,  will  allow  measurement  of  this  sub- 
carrier amplifier  input  voltage.  This  should  not  exceed  1 volt 
in  order  to  avoid  overloading,)  "illi  the  EPUT  selector  switch  on 
"GSC"  tre  oscillator  frequency  can  be  read  on  the  EPUT  frequency 
met or. 


The  outputs  are  observed  as  follows!  Set  the  VTVM  selector 
switch  to  "CHAN,";  then,  as  the  channel  selector  switch  is  suc- 
cessively indexed  to  the  desired  positions,  the  subcarrier  amp. 
outputs  may  be  measured,  (Shift  the  oscillator  frequency  as  i in- 
quired for  this  test. ) 

7.3.U  Subcarrier  Frequency  Measurements 

7.3#iul  Direct  Method 

TTith  the  receivers  and  subcarrier  amps,  operating 
normally,  the  subcarricr  frequencies  generated  at  the  tele- 
meter transmitter  are  directly  measureable  with  the  EPUT 
meter.  Set  the  function  switch  to  ’'SUB. CAR. OUT"  and  posi- 
tion the  channel  selector  switch  to  required  channel, 
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7.3,t*2  Indirect-  Method 


By  the  observance  of  oscilloscope  Lissajcus  patterns 
the  transmitted  subcarrier  frequencies  can  be  indirectly 
measured.  This  method  is  especially  advantageous  where  con- 
siderable carrier-frequency  signal  wading  is  experienced, 
or  where  the  suh^arri pr  wa-iref'.-y.-rn*,  are  distorted,  either  ef 
which  condition  could  render  the  direct  measurement  by  the 
EFUT  meter  unreliable. 

With  normal  operation  sot  the  function  switch  tc 
"CSC”  and  select  the  desired  channel  by  means  of  the  channel 
selector  switch.  The  horizontal  input  switch  should  be 
placed  on  "EXT".  These  settings  cause  the  sinusoidal  oscil- 
lator output  to  be  applied  to  the  horizontal  deflection  plates, 
and  the  subcarrier  signal  to  be  applied  to  the  vertical  de- 
flections plates.  The  EPUT  meter  reads  the  oscillator 
frequency,  which  can  be  varied  as  required, 

7«U  Rec  ording 

After  completion  of  all  preliminary  adjustments  the  four  receiver 
switches  should  be  placed  in  "RECVR*  position,  and  the  function  switch 
in  "RECORD".  Check  that  all  galv?.r.c»c°ter  ■’r4-'»rr’:pting  switches  of  the 
oscillograph  control  assembly  are  in  the  center  (open)  position.  With 
these  settings  preparedness  to  record  will  be  indicated  by  the  green 
record  lamp,  (Disturbance  of  any  of  these  $ switches  on  the  monitor 
unit  or  of  any  of  the  18  key  switches  on  the  oscillograph  control  unit 
will  CuuS  o the  "heady  to  record"1  lamp  to  extinguish. 

7,5  Remote  Control 

Operation  of  the  oscillograph  control  switch  (S908)  remotely  con- 
trol both  recorder  motors.  The  upward  or  manual  (locking)  position  of 
the  switch  causes  continuous  operation  or  the  recorders,  whereas  the 
downward  position  causes  intermittent  operation, 

8,0  Audio  Frequency  Oscillator 
8,1  Theory  of  Operation 

The  audio  frequency  oscillator  is  a wide  range  instrument  having 
output  frequencies  fran  200  to  200,000  cycles.  This  range  is  avail- 
able in  six  bands  200-600,  600-2000,  2000-6000,  6000-20000,  20000- 
6000 <jt  and  60000-200,000  cycles.  Output  voltage  is  constant  +ldb  up 
to  6000  cycles.  Maximum  output  is  10  volts  across  rated  1000  ohm 
resistive  load.  Distortion  is  less  than  1%  up  to  6000  cycles,  with 
rated  load- 
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. AV\1 


*■  UK? 


coupled  amplifier  over  which  both  positive  and  negative  feedback 


c*A 


The  circuit  consists  of  an  oscillator,  an  amplifier,  and  a reg- 

r section  is  .basically  a resistance 

e 

The  positive  feedback  network  is  a variable  frequency  selec- 
tive resistance  capacitance  mesh,  and  is  used  to  control  the  frequency 
of  oscillation.  The  negative  feedback  network  which  is  used  for  stabi- 
lization includes  a lamp  filament  also  rises,  increasing  the  negative 
feedback,  thus  tending  to  offset  the  rise  in  amplitude. 


arm!  * 


The  output  amplifier  uses  two  tubes.  Negative  feedback  is  used 
in  this  circuit  to  minimize  distortion  to  provide  uniform  frequency 
response  and  to  obtain  low  .impedance. 


The  power  supply  provides  unregulated  B voltage  to  the  output- 
amplifier.  The  conventional  regulator  circuit  provides  regulated  B 
voltage  to  the  two  oscillator  tubes?. 


8.2  Main  tenance 


8.2.1  Tub e3 

Tubes  can  be  replaced  by  removing  the  8 screws  which  hold 
the  cover  to  the  top  and  back  of  the  oscillator  and  the  U screws 
in  the  top.  Ail  corrective  adjustments  are  made  from  the  bottom 
of  the  chassis. 

8.2.2  Trouble  Shooting 

8. 2. 2.1  Complete  Failure 

Complete  failure  may  be  caused  by  a defective  fuse, 
defective  pewer  rectifier  V5,  or  defective  tubes,  VI,  V2, 
v3  aw  ttA  . 


ft-?.?-?  TSrra+.lc  Oneration 


Erratic  operation  such  as  signal  too  high  or  too 
low  may  occur  if  V7  is  defective  or  if  R56  requires  adjust- 
ment. Ko 6 should  be  set  so  that  the  regulated  +2l|0  B 
voltage  to  the  oscillator  measures  that  voltage,  using  a 
high  resistance  DC  voltmeter  such  as  a Simpson  Model  26o<. 


t\- rri.  t “l 

raij-ui  o ux  v<x  «*xxx 


xv.~ 

gA  ca  UivV  A OUU*  r 'AJiC  V/UV^AUU 


Failure  of  V8,  t’h«  regulator  tube,  will  cause  the  +2li0  re- 
gulated voltage  to  rise,  with  consequent  increase  in  out- 
put signal  and  increased  distortion.  If  either  71,  V2,  V3 
or  Vq  are  defective,  increased  distortion  in  the  output, 
signal  may  result.  Excessive  distortion  may  also  be 
caused  by  leaking  capacitors,  or  open  bypass  capacitors. 
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9.0  Frequency  Meter 

9.1  Theory  of  Operation 

The  frequency  meter  is  a counter  type  instrument  which  counts  and 
displays  the  number  of  event s-per=unit- time  (EFUT).  The  time  interval 
of  measurement  is  one  second  and  the  frequency  range  is  from  20  to  100,000 
cycioa  per  second.  The  basic  accuracy  of  the  instrument  is  4.  event. 

The  input  circuit  consists  of  two-stage  amplifier  wm  a triggci 
circuit.  The  differentiated  output  signal  from  this  trigger  is  fed 
through  the  In^ut  Gate  to  a series  of  five  Berkeley  Decimal  Counting 
Units. 

The  time  base  which  controls  the  Input  Gate  derives  its  accuracy 
from  a 100?000  cycle  crystal-controlled  oscillator.  This  frequency  is 
divided-dorm  by  a factor  of  105  through  a series  of  "locked  in"  one- 
shot  multivibrators,  resulting  in  an  output  of  one  pulse  per  second. 

The  supply  voltage  for  the  time  base  is  electronically  regulated  so  that 
stability  against  line  voltage  variations  is  insured.  A test  switch  is 
supplied  for  a direct  check  of  proper  operation.  Pin  jacks  are  provide 
inside  the  cabinet  for  making  connections  so  that  the  instrument  i3 
self-checking  for  proper  operation  of  each  frequency  divider  stage. 
Screwdriver  adjustments  are  provided  for  making  corrections  whenever 
they  become  necessary  because  of  tube  replacement,  etc. 

Control  of  the  display  time  is  accomplished  by  means  of  a system 
which  opens  and  closes  a Time  Base  Gate.  As  the  gate  can  only  be 
actuated  by  one  second  pulses  frcm  the  dividing  chain,  the  time  between 
successive  starts  of  counting  is  therefore  an  integral  number  of  ac- 
curately controlled  time  units.  Thus,  although  the  readout  time  control 
is  continuously  adjustable,  actual  time  between  counts  will  be  in  multi- 
ples of  one  second  over  a range  of  one  to  five  seconds. 

The  accuracy  of  each  single  measurement  of  events-per-unit-time 
depends  upon  the  accuracy  of  the  ti'n-  base  and  upon  the  total  number 
of  events  (or  counts)  received. 

The  time  base  accuracy  is  denendent  upon  the  stability  and  ac- 
curacy of  setting  of  the  100  kc.  oscillator  controlled  by  the  crystal. 

The  short  term  stability  of  the  circuit  used  is  better  than  1 part  in 
105  under  thermal  conditions  norma]  to  indoor  use.  The  frequency  can 
be  adjusted  by  the  operator  to  any  desired  degree  of  accuracy  within 
the  limit  of  stability. 
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9.2  Test  Information 

The  Operate-Test  switch  permits  normal  counting  operation  in  posi- 
tion. In  the  Test,  position,  a 100  kilocycle  signal  from  the  crystal 
oscillator  in  the  time  base  is  connected  to  the  input  of  the  frequency 
aster.  With  no  input  the  count  displayed  should  be  either  99999  or 
00000. 


If  the  count  is  wrong,  check  the  decimal  counters,  and  the  fre- 
quency dividers  of  the  time  base. 

9.2.1  Set  the  Rn s i t.l vi f-y  control  st  n&xlisuzi!* 

9.2.2  Remove  the  units  counter  from  the  plug-in  socket. 

9.2.3  Replace  with  spare  Medal  705  counter. 

9.2. ii  After  at  least  five  minutes  warmup,  check  the  count.  If 
the  count  is  99999  or  00000,  the  705  counter  was  defective. 

9.2.5  If  the  count  is  incorrect,  exchange  the  tens  counter 
(Model  ?00  second  from  right)  with  the  fifth  digit  counter  (Ex- 
treme left).  If  the  count  is  now  correct  excepting  for  the 
highest  digit,  then  the  trouble  lies  in  that  decimal  counter. 

9.2.6  If  the  count  is  still  incorrect,  then  exchange  the  tens 
counter  with  the  fourth  digit  counter,  and  again  check  the  count. 

9.2.7  If  the  count'  is  still  incorrect,  after  exchanging  all  three 
higher  digit  counters  with  the  second  digit  counter,  check  the 
time  base  frequency  dividers. 

9.3  Time  Base  Adjustment 

There  aro  seven  twin  diodes.  The  first,  is  the  crystal  oscillator, 
the  second  is  the  wave  shaper,  the  third  is  the  first  frequency  divider, 
the  fourth  is  the  second  frequency  divider,  the  fifth  is  thG  third 
frequency  divider,  etc.  The  time  base  channel  is  the  middle  vertical 
channel  and  the  five  frequency  divider  tube  sockets  are  located  to  the 
left  of  their  associated  fiequency  adjustment  potentiometers.  The 
crystal  oscillator  is  at  the  top,  and  frequency  divider  number  five  is 


9-3.1  Remove  the  frequency  meter  from  the  cabinet  and  place  it 
an  a test  bench. 

9.3.2  After  the  warmup  period,  set  Test-Operate  switch  on  Test« 

9.3.3  Set  the  sensitivity  at  maximum, 
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9.3*U  Adjust  the  time  base  frequency  dividers. 

ys3sb  Correct  a 50  capacitor  with  short  clip  leads  frcm  pin  1 on 
TI3U5-2,  the  time  base  gate,  to  pin  6 on  the  second  frequency 
divider  tube  7T131-li,  the  fourth  tube  from  the  bottom  on  the 
divider  channel* 

9*3*6  Adjust  divider  controls  RlllU— 1 and  Rlllli-2  until  a count  of 
00100  is  obtained, 

9*3*7  Move  the  clip  lead  to  pin  6 on  the  third  frequency  divider 
(third  from  the  bottom), 

9*5*8  Adjust  Rlllit-3  until  a count  of  01000  is  obtained. 

9,3*9  Move  the  clip  to  pin  6 on  the  fourth  divider  and  adjust 
Rlllll-5  for  a count  of  00000  or  99999* 

9*3,10  Remove  the  capacitor  and  clip  leadsc, 

9*3*11  While  watching  the  count,  readjust  each  potentiometer  to 
find  the  upper  and  lower  limits  of  satisfactory  operation. 

9.3*12  Set  the  adjustment  midway  between  these  limits. 

9*3.13  Reinstall  the  frequency  meter  in  the  cabinet. 
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SECTION  V 
PARTS  LIST 

1.0  The  YlOyoO  Receiving  Station  consists  of* 

3 Ti098i+  Receiver  Cabinet  Assembly 

1 Y10983  Monitor  C-tinst  Assembly 

1 Y10982  Control  Cabinet  Assenbly 

? Type  5^111*  Consolidated  Oscillographs 

1 I 12/05  Cable  Assembly 

1 Y12706  Cable  Assembly 

1 Y12707  Cable  Assembly 

1 Y12708  Cable  Assembly 

1 Y12709  Cable  Assembly 

2.0  The  31098U  Receiver  Cabinet  Assembly  contains* 

1 55519C  Regulated  Fewer  Supply 

1 Y12381  Receiver  Assembly 

1 Y10992  Amplifier  Assembly 

1 555160^10  Filter  Assembly  Band  Pass  7.35  KC. 

1 555160-11  Filter  Assembly  Band  Pass  10-5  K0: 

1 555160-12  Filter  Assembly  Band  Pass  lli.5  KC. 

3 555180  discriminator  Assemblies 

1 555185-H  Tuning  Unit  Assembly  7.35  KC. 

1 555185-12  Tuning  Unit  Assembly  10.5  KC. 

1 555185-lU  Tuning  Unit  Assembly  lli,5  KC. 

i Y11236  Low  Pass  Filter  Chassis  Assembly 

3 555170-9  Filter  Assembly  Lew  Pas3  218  cps. 

1 Y11156  Blcwer  Assembly 

1 Y1270U  Cable  Assembly 

3.0  The  1x0963  Monitor  Cabinet  Assembly  contains: 

1 555600  Monitor  Panel 

1 Y12381  Receiver  Assembly 

1 Y10992  Amplifier  Chassis  Assembly 

1 555160-10  Filter  Assembly  Band  Pans  7.j5  KC. 

1 555l60-ll  Filter  Assembly  Band  Pass  10.5  KC. 

1 555l60-12  Filter  Assembly  3and  Pass  In. 5 KC. 

3 Y11553  Discriminator  Assemblies 

1 555185-U  Tuning  Unit  Assembly  7.35  KC. 

1 555i85-12  Tuning  Unit  Assembly  10.5  KC. 

1 55518 5— lit  Tuning  Unit  Assembly  lLi.5  KC. 

1 Y11236  Low  Pass  Filter  Chag  sis  Assembly 

3 555170-9  Filter  Assemblies  Lew  Pass  218  cps. 

1 111156  B3.cwer  Assembly 

1 Y12702  Cable  Assembly 
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(Cabinet  A,  B And  C) 
(CaDinet  u) 

(Cabinet  E) 

(Cabinet  A to  B) 

(Cabinet  B to  CJ 
(Cabinet  C to  D) 

(Cabinet  B tc  2) 

(Cabinet  to  Oscillographs) 
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1*.  0 Y10982  Control  Cabinet  Assembly  contains! 


1 

ixloUO 

Audio  Oscillator  Assembly 

1 

Yllii6l 

EFUT  Meter  Assembly 

1 

555220 

Oscillograph  Control  Panel 

1 

Y117uli 

Master  Power  Panel 

1 

112703 

Cable  Assembly 

o 

4. 

xr-i  l.ee  n 
AX4JK 

Blowers 

2 

loxion 

Dustcp  Air  Filters 
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5.0 

Circuit  Designation 


Y-12381  RECEIVER  ASSEMBLY 
Description 


Part  Rusher  Manufacturer 


C101 

.001  uf,  500  v,  ceramic 
disc. 

CL1000 

Radi o Materials 
Co. 

C102 

500  uuf j ceramic 

Style  331 

Erie  Resistor  Corp. 

C103 

0.5—3  uuf.  ceramic 
trimmer 

?XAlli82 

Centralab  Dir.  of 
Globe  Union,  Inc. 

cioU 

1 uuf,  +10?,  NPO,  Ceramic 

Style  301 

Erie  Resistor  Corp. 

cio5 

Same  as  C1Q3 

C106 

Same  as  ClOli 

CIO? 

1-U  uuf,  ceramic  trimmer 

7XAli,82-003 

Centralab  Div.  of 
Globe  Union,  Inc. 

C108 

10  uuf,  +5%,  NPO,  ceramic 

Style  A 

Erie  Resistor  Corp. 

CIOS 

Same  as  ClQlj. 

Clio 

Same  as  C101 

• 

cm 

.005  uf,  500v,  ceramic 

CL  5000 

Radio  Materials 
Co. 

CI12 

Same  as  Clll 

0113 

Same  as  Clll 

cxm 

Same  as  C108 

cn5 

5 uuf,  +?%,  NFO,  ceramic 

Style  A 

Erie  Resistor  Corp. 

C116 

Same  as  CIO? 

CU7 

Same  as  C115 

C118 

Same  as  C101 

mi  n 

wxx? 

Same  as  C1G1 

C120 

Same  as  C101 

C121 

Same  as  C101 
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Circuit  Designation 

Description 

C122 

8 uuf,  silver  mica, built 
into  1101  as  integral  part 

0123 

UO  uuf,  silver  mica,  built 
into  Tl 01  as  integral  part 

/■»*» 

Oi.^4 

Same  as  C101 

012$ 

200  uuf,  N7E>0,  ceramic 

C126 

Same  as  C102 

C127 

Same  as  Clll 

Same  as  0102 

C129 

Same  as  C102 

C130 

Same  as  Clll 

C131 

Same  as  C122,  built 

into  T102  as  intergral  part 

C132 

Same  as  C123,  built  into 
T102  as  integral  part 

O — r*-»  t r 

biCUUC  CXO  U4.A1 

C13U 

Same  as  C102 

C135? 

Same  as  Clll 

C136 

Same  as  C102 

C137 

Same  as  C102 

C138 

Same  as  C122,  built  into 
T103  as  integral  part 

n-»  ■"» 
vi;; 

oSiiio  S3  oi.o>  ouilt  into 
T103  as  integral  part 

CliiO 

30  uuf,  +££>,  NP0 

Cliil 

30  uuf,  *20%,  N750K 

CUi2 

Came  as  Ci02 

Part  Number 


Style  B 


Style  T 


Manufacturer 


Erie  Resistor  Corp. 


Erie  Resistor  Ccrp. 
Erie  Resistor  Corp. 
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Circuit-  Designation  Description 


Same  as  C102 


Part  Number  Manufacturer- 


Same  as  C102 

Same  as  012c,  built  into 
TIOii  as  integral  part 

Same  as  C123,  built  into 
T10U  as  integral  part 

Same  as  Clll 

Same  as  ClliO 

33  uuf,  +5% 


Same  as  C101 


Same  as  C101 


20  uuf,  +5%,  NPO 


Same  as  C122,  built  into 
T105  as  integral  part 

Same  as  C123,  built  into 
TI05  as  integral  part 

Same  as  ClliO 

Same  as  Clll 

Same  as  Clll 

Same  as  Clll 

Same  as  Clll 

Same  as  Clll 

.01  uf,  ^00  v 


Same  as  Cll*o 


Same  as  Clll 


N220  CN 


CN796C 


D6-101 


Electrical 
Reactance  Corp, 


Electrical 
Reactance  Ocrp. 


Centralab  Di.ve  of' 
Globe  Union,  Inc. 
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Circuit  Designation 

Description 

Part  fJumber 

Manufacturer 

C16 h 

Same  as  Ci6i 

C165 

-I  uf,  600  y 

T7C6P1 

C om  ell-Du .bill  er 

Up -.„4-_-;  „ /-> 

— -».WV  -J  ± -XV*  VUi.  y • 

C166 

Same  as  Ci6i 

C167 

10  u!,  600v,  paper 

Type  T6100 

C omell-Dubi  li  er 
Electric  Corp. 

C168 

Same  as  C167 

m l r\ 

oxuy 

Same  as  CliiO 

C170 

Same  as  Clil 

R101 

120  ohms.  ^ watt 

Tnrv^A 

Allen-Bradley  co* 

R103 

U70  K,  | watt 

Type  E-B 

Allen-Bradley  Co. 

R10U 

Same  as  R103 

R105 

130  K,  t watt 

Type  F 1 

Allen-Bradley  Go. 

RL06 

±£q  ohms  y ?.r2.v“t 

m ,> 

ijpc  £J~D 

Allen-Bradley'  Co. 

R107 

Same  as  R106 

R108 

3.3  K,  \ watt 

Type  B~B 

Allen-Bradley  Co. 

RIOS 

27K,  | watt 

Type  E-B 

Allen-Bradley  Co. 

R110 

27  ohms,  ^ watt 

Type  E-B 

Allen-Bradley  Co. 

RU1 

220  ohms,  j watt 

Type  E~B 

Allen-Bradley  Co. 

R112 

100  K,  ^ watt 

Type  E-B 

Allen-Bradley  Co. 

R113 

IK,  j watt 

TVr>»  V_R 

"»  I — 1 — 

Alien-Brad ley  Co. 

Rllii 

Sams  as  R103 

BlK 

in  v i —4.4. 

XV  Uj  2 ,,QU  ^ 

Type  E-B 

Allen-Bradley  Co. 

E17.6 

51  ohms,  \ watt 

Type  E-B 

Allen-Bradley  Co. 
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Circuit  Designation 

Description 

Part  Number 

Manufacturer 

& 

Dnc 

ILkO.  / 

It.7  K,  f watt 

Type  G-B 

Allen-Bradley  Co, 

II  R118 

Same  as  R113 

1 Riiy 

s 

a R120 

Same  as  Rll? 

Same  as  R106 

; 

1 R121 

u7  K,  §■  watt 

Typ.e  E-B 

Al.len-Bradj.ey  Co. 

g R122 

Same  as  RU3 

R123 

1 R12U 

g 

n u i 

A £ nau  1/ 

Same  as  R123 

Type  E-B 

Allen-Bradley  Co0 

| R125 

18  Ks  \ watt 

Type  E-B 

Allen-Bradley  Coe 

R126 

10  K,  watt 

Type  E-B 

Allen-Bradley  Co, 

a R127 

fm 

Same  as  R112 

1 < R128 

Same  as  Rll6 

1 R129 

Same  as  R121 

! KL30 

Scun  6 3. S 

| KL31 

Same  as  R113 

R132 

s 

It 

Same  as  R103 

| R133 

Sam?:  as  R121 

| K131* 

22  K,  | watt 

Type  E-B 

Allen-Bradley  Co. 

R135 

Same  as  R109 

R136 

33K,  watt 

Type  S-B 

Allen-Bradley  Co. 

R137 

Ssnie  es  R113 

R138 

13  K,  \ watt 

Type  E-B 

Allen-Bradley  Co. 

R139 

S 

100  K,  +2%,  f watt 

Type  E-B 

Allen-Bradley  Co. 

* . RliiO 

Same  as  R139 

1 

t 
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AFSWP-221 

Circuit  Designation 

Description 

Par-!-  Number 

Manufacturer 

RlUl 

Two  10  ohms,  \ watt,  in 
parallel 

Type  B-B 

Allen-Bradley  Co 

R2ii2 

220  K,  | watt 

Type  E-B 

All  en-  Brad  1 ey 

R1L3 

•S sms  .? r.  Rj). 2 

RlU; 

Same  as  R112 

yi»;5 

1M,  U Taper,  Potentiometer 

Type  J 

Allen-Bradley  Co, 

R146 

n „ _ r*“. 

wvuuc  cto  rLiUJJ 

Rlii7 

Same  as  Rlli2 

RU48 

130  K,  watt 

Type  E-B 

Allen-Bradley  Co, 

Rlli> 

Same  as  RIii2 

R150 

50  K,  Linear 

cu  503: 

Ohmite  Mfg.  Co. 

PJ.51 

Same  as  R121 

R152 

Same  as  R23U 

R153 

Same  as  R150 

R15'U 

Same  as  R108 

R155 

Same  as  R136 

R156 

Same  as  R108 

R157 

10  K,  1 watt 

Type  G-B 

AU.en -Bradley  Co, 

R158 

8 K,  1 watt 

Type  C-B 

Allen-Bradley  Co, 

KL  59 

Same  as  R123 

R160 

500  K.  A Taper, 
Potentiometer 

Type  J 

Allen-Bradley  Co, 

R161 

Same  as  R126 

Rl62 

Same  as  Kill 2 

R163 

Same  as  R113 

P16U 

Same  as  R123 
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SECURITY  INFORMATION 


DLM-i? 
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Circuit  Designation 

Description 

Fart  Number 

Manufacturer 

R165 

2 K,  25  watts.  Adjustable 

#0377 

Ohmite  Mfg.  Co, 

R166 

5 K,  25  waits 

#0212 

Qhmite  Mfg.  Co,, 

Connectors 

J101 

Female,  Coaxial 

SO-235 

American  Phenolic 
Corp. 

J102 

Female,  Coaxial,  8NC  Series 

UG  290/U 

industrial  Prod. 
Co. 

J103 

Same  as  J102 

JlOh 

Same  as  J101 

F1C2 

Kale,  coaviai,  BNC  Series 

UG88/U 

Industrial  Prod.  Co. 

P103 

Same  as  P102 

P601 

Plug 

16812-15 

Cannon 

Inductances 


L101 

Spiral  indue  tuner 

s-U 

P.R.Mallory  Cc,  Inc. 

LLQ1A 

Inductance  in  Conner -t-.j ng 

T -3  — 

xinaa  o 

L102 

Same  as  L101 

* 

L102A 

Inductance  in  Connecting 
Leads 

L103 

Inductance  in  Connecting 
Leads 

LLOii 

Same  as  L1Q1 

LlOiiA 

Inductance  in  Connecting 

Leads 

uxUi) 

Same  as  L101 

U05A 

Inductance  in  Connecting  Leads 

L106 

3.8  uh  R.F.  Choke 

- 66  - 
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Clarke  Ira'  i ament 
Corp. 

PARTS  LIST 


RESTRICTED 

SECURITY  INFORMATION 


DLM-I7 

AFSWB-22X 


Circuit  Designation  Description 


Part  Number  Manufacturer 


HO? 

2.5  uh,  R,F.  Choke 

A-167-103 

Clarke  Instrument 
Corp. 

LIOS 

28  uh,  R.F.  Ch.-.Vr 

( — lot 

Clarke  Instrument 
Crvm- 

* ■ x - 

TJOO 

Same  as  LI 08 

LUO 

10  h.  Filter  Choke 

PH  1085 

Chicago  Transformer 
COo 

Llll 

Same  as  L110 

Meters 

iaoi 

50  Microamperes 
Scale  according  to  Clarke 
Instrument  Drawing  No. 
B-167-501 

HM2 

Marion  Electrical 
Instrument  Co. 

M102 

100-0-100  microamperes 

HM2 

Marion  Electrical 
Instrument  Co. 

Speaker 

15101 

Permanent  Magnet  Type 

Type  li0liS2 

RCA 

Transformers 

T101 

I.F.  Transforms! 

A-167-11C 

Clarke  Instrument 
Ccrp. 

T102 

Same  as  T101 

T103 

I.F.  Transformer 

A-16 7-109 

Clarke  Instrument 
Corp. 

noU 

Same  as  T103 

T105 

Discriminator  Transformer 

B-167-52U 

Clarke  Instrument 
Corp. 

mi  r\t. 

J.  JLV-Aj 

Audio  Output  Transformer 

A-167-108 

Clarke  Instrument 
Corp. 

T107 

Pcwer  Transformer 

PHC-85 

Chicago  Transformer 

Co. 
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DLM-17 

AFSWP-221 


Circuit  Designation  Description 

PSj.  t Number 

Manufacturer 

Hardware 

Handle 

1020 

USECO 

Plug 

106-73A 

E.  F.  Johnson 

MOTEs 

For  receivers  equipped  with  crystal 
folloring  parts* 

osc ilia-  ■ or  uni  La 

add  the 

Cl 

1000  uuf  +100$- 0$ 
Silver  Mica 

906A 

Centralab 

C2 

22  uuf  +10$  Mica 

i;63C65 

Standard 

C3 

100  uuf  +10$  Mica 

U63097 

Standard 

cU 

10  uuf  +10$  Mica 

U63063 

Standard 

c£ 

1000  uuf  +100$-0$ 
Silver  Mica 

906A 

Centralab 

C6 

5 00  uuf  +20$  ceramic 

CP2-A 

Erie 

C7 

1000  uuf  +100$-0$ 
Silver  Mica 

906A 

Centralab 

R1 

680  +10$  | IT 

RC20AE681K 

Standard 

R 2 

220  +10$  | W 

RC20AE221K 

Standard 

HJ 

8.2  +10$  \ W 

RC20AE823K 

Standard 

m 

3.3  K +10$ 

RC20AE333K 

Standard 

R? 

Same  as  Rl; 

R 6 

Same  as  R2 

LI 

61;.  2-70.1  MC  Coil 

Y12119 

Bendix 

L2 

128U-luO*2  MC  Coil 

Y12120 

Bendix 

L3 

2^.8-280.1;  MC  Coil 

Y12121 

Bendix 

Lii 

.71;-. 76  uh  Coil 

Y12127 

Bendix 
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RESTRICTED 


PARTS  LIST 
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SECURITY  EiFORJiATlCN 

DLM-17 

AFS?fp-221 

Circuit  Designation 

Description 

Part  Number 

Manufacture?' 

Coil  Assembly  Coupling 

Y12798 

Bendix 

Pi 

Plug,  R.F.  Cable 

VG-89V 

Standard 

Jl 

Connector  Coaxial 

31-003 

Amphenol 

VI 

Vs.euuf‘1  Tube-Submin, 

CK5?03 

U»1  TT-t  W A 

V2 

Same  as  VI 

V3 

Same  as  VI 

T 

Crystal,  Quartz  +«01* 
(See  table  for  frequency 
desired) 

H17 

James  Knight 
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AE3SP-22: 

« 

6.0 

555150  SUBCARRIER  AMPLIFIER 

i 

i 

Circuit  Designation 

Description 

rart  Number 

Manufacturer 

fi 

1 

1 

c5oi, 

C503, 

C502, 

c5ol* 

Capacitor  .05MF  J4OOV 

Pi*88 

Aerovox 

t 

« 

5 

i! 

C505, 

<607, 

C906, 

C508 

Capacitor  .5MF  200V 

P288 

Aerovox 

1 

1 

8 

5 

5 

f 

5 

C509- 

Ciiii 

C513, 

r.o  g . 

- — -•  # 

c5io; 

C512, 

C5lli, 

0516 

Canrsoi  ■hr'r  .ritw  )|OflY 

ru88 

Asrovox 

F 

\ 

Handle;  Panel 

1020 

USECO 

! 

Snob,  Pointer 

U101-P 

H. Davies  Mold 

1 

i£oi 

Meter,  Test 

5561*56 

Bendix 

% 

« 

& 

P5oifl 

1603. 

P502 

P50U 

Plug,  Octal 

86-CP8 

Amphenol 

jj  * 

P5o5 

Plug 

16812-15 

Cannon  Elec, 

ii 

w 

1 

5 

R501. 

Rdm. 

jr 

R502, 

ntn). 

*V 

Potentiometer  500K 

AB 

Chmite 

R505, 

R5o?; 

R506 

R508 

Resistor  3900- 25T 

RCl*2BF392K 

Standard 

Rdno 

-V  -/  > 

R511, 

pen  O 

R5i2 

Resistor  270-17? 

pr«:riDP07i  tr 

*kV^WUi'  tm  1 XJV 

C4- 

u ucuiuai  u. 

R513, 

R515, 

R5Uj, 

R5l6 

Resistor  5lO-| 

RC20BF511K 

Standard 

a 

s 

t 

R517, 

R519, 

R518, 

I620 

Resistor  100K  - -|ff 

RC20BF10l*K 

Standard 

« 

R521* 

R-5'23, 

R522 

R52U 

Resistor  IK  - 

DfonDtn  norr 

Uvt.  wui  x v<.u 

Standard 

s 

R525, 

R5Uo., 

R527 

R5i*3 

Rcoistoi'  2,2K  — 

RC20BF222K 

Standard 

i 

R526, 

pdii 

1628 

Resistor  18K  - |W 

RC20BF183K 

Standard 

(j  * RESTRICTED 
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SECURITY  INFORMATION 
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AFSflP-22; 

Circuit  Designation 

Description 

rtirt-  Numb  * j* 

ilnnvit'ee  1 • 

owiMA  UV  VVl*  Di 

H?2 9,  R£30 
R531,  Rb32 

Resistor  1 Meg.  - 

RE20BF105K 

Standard 

R533,  R538 

Resistor  ,93  - 

60 

Hvccr 

R53U,  R535 
R536,  R537 

Resistor  15.6?  - |W 

6o 

Hycor 

R539 

Resisuor  «h0  - |W 

60 

Hycor 

Tube  Shield  l-|tt  long 

9—kOS 

Amphenol 

NOTE*  All  Resistor  part  Nos,  with  RC  prefix 

are  per  JlN-R-11 

S501 

Switch,  two  circuit 
9 position 

3229J 

Mallory- 

V501,  V50h 

Tube,  Vacuum 

5687 

Standard 

V5C2,  7503 
V505,  V506 

fTV,,V  - , _ 

A.  UUC  « VdCUwuu 

12AT? 

Standard 

17501  thru 
XV506 

Socket,  9 pin  miniature 

53F12621 

Cinch 

- ?1  - 

RESTRICTED 


PARTS 

7.0 
Circuj 


NUi'fi.' 


LIST 
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SECURITY  INFORMATION 

DLM-17 

AFSWP=221 

55?180  DISCnaiNATOR 

.t  Designation 

Description 

Part  Number 

Manifarturs; 

Cap,  Switch 

13li3 

H & H 

C301 

Capacitor,  5100  uuf  5007 
+20% 

RCM30D512J 

El  Menco 

C302 

Capacitor,  .25  uf  hOO~ 

nAeroiitenP82 

AnroVOX 

C3C3 

Capacitor,  .01  uf  500V 
+20? 

RCM30D103K 

EH  Menco 

C30ii 

Capacitor,  5 uuf  5007+5? 

mn  - 

Ei  Menco 

C305 

Capacitor,  51  uuf  500V 

+5? 

CM15D510J 

El  Menco 

C306 

Capacitor,  «5uf  IiOOV 

"AerolitenP82 

Aercwcx 

C307 

Capacitor,  10  uuf  500V 
*?% 

CM15D100J 

El  Menco 

C30S. 

C-322 

C320, 

Capacitor-  .001  uf  30CV 
+20? 

RCM20B102M 

EH  Menco 

C309, 

C311 

Capacitor , , cr  in 

tTAerolite"?82 

A^rcwar 

C310 

Capacitor,  .5  uf  200V 

nAerolite"P82 

Aerovox  • 

C321 

Capacitor,  1*30  uuf  30U  +5? 

Cia5Dij31J 

El  Menco 

nc i 
— • — > j 

/-♦•joe' 

n - i X O - . /*  £f\r\TT 

wapatil/Ui)  U U-L  UUUV 

Electrolytic 

TJU6050 

Cornell- 

Dubil.ier 

C32U, 

C327 

C326, 

Capacitor,  0;1  uf  I;007 

nAerolite"P82 

Aerovox 

C328 

Capacitor,  10  uf  ii50V 
Electrolytic 

BR10ii5A 

Corneli- 

Dnbilier 

C330 

Canacit.or, c 05uf  UOOV 

nAerolite"P82 

Aerovox 

C331 

Capacitor,  ,02  uf  2007 

'*Aerolite"?o2 

A*r  ovcx 

C332 

Capacitor,  .01  uf  5007  +10?  RC30D103M 

in  lUv, 

MOUO  \J 

0312, 

C329 

C319, 

Capacitor  - See  Note 

1.  Capacitors  C312  thru  C319,  and  C329  are  cctnponents  of  the 
tuning  unit  which  is  to  be  i eplaced  in  whole. 
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Circuit  Designation  Dascription 

L3QI  Choke,  Filters  15H 

7 .TL  _1 ->  1 

oiion.Ci  i&n 


Pari;-  Number 
HS-307 

n»t  1 r»-»  *> 

•WJ1"A  t iv) 


J301 

TV-* 

rjux 

F301 


Connector,  Jacks  13  contacts  S-315-AB 
Fuse,  3 amp  3 AG  "Sio-Blo”  <±2003 
Fuse  Holder.  Finger  type  3U2001 


Handle,  Panel 

1020 

Knob,  Black  with  Pointer 

UlOOP 

1301 

Lamp,  Pilot 

#h7 

M3  01 

Meter,  Input 

5561x58 

1002 

Meter,  Output 

556U59 

1003 

Meter,  Test 

5561457 

R331 

Potentiometer, 

2K  wirewound 

143-2000 

R32? 

Potentiometer, 

15K  -wxwcund 

58-15COO 

R301 

Potentiometer, 

5ook 

Type  A-B 

R369  Potentiometer,  Dual  50K  each  PQjU-123  & 

M-Il-123 


R3hO 

Potentiometer,  500  ohm 
wirewound 

li3-500 

P301 

Plug,  Rack  Type 

16812-15 

Plug,  Index 

106-73A 

K301 

Relay,  Thermal  Delay  6.3V 

- 6N060 

K30? 

Relay,  Telephone  Type 

Type  620I4 

R302, 

R383  Resistor  - 1 meg  +10!? 

RC-20BF105K 

R303 

Resistor  - IK  +10£  gTT 

RC20BF102K 

R30l4, 

R307  Resistor  - i;*7K  +10$ 

RC20BFU73I 

n-*»  1 i 
i 

R382, 

R31u>  Ecjjlu  — j-OK  +10$  1 W 

R305,  R306,  R3567  my 

- 73  - 

RC20BF103K 

ELM-17 

AFSWP-221 

Manufacture- 

Triad 

Bud  Radio  Inc. 
Jone3 

Littlefuse 

Littlefuse 

TT'5T?r>A 

u w X_iv>  v> 

Davies  Mold 
G:E. 

Bendix 

Bendix 

Bendix 

Claras tat 

Clarostat 

Ohmite 

IRC 

Clarostat 

Cannon 

E.F.  J ohns on 

Amperite 

Advance 

Standard 

Standard 

Standard 

Standard 
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AFSITi-221 

Circuit 

Designation 

Description 

Fart-  Number 

ISilufa.CtU.  Si 

R365, 

R308, 

R315 

Resistor 

• 100K  ♦lQSC  p 

RC20BF10UK 

Standard 

R309# 

R310 

Resistor 

- 390K  +10* 

Pncnwrml  v 

Standard 

R3I2 

Resistor 

- 8 .2 +10*  lw 

RC2D 3F622K 

Standard 

R313 

Resistor 

- 150K  +10*  &r 

RC20BK15UK 

Standard 

R316 

Resistor 

- 15k  +10*  |w 

RC205F153K 

Standard 

R317 

Resistor 

— 33K  *-iOjb 

RC20BF333K 

C4-  « 

O UCkiiLXCXX  U. 

R3a6, 

Rj51, 

R318 

Resistor 

-6.8K  +10*  fY 

RC2CBF682K 

Standard 

R319 

Resistor 

- .5  meg  +1*  |W 

70-L 

Hycor 

R320 

Resistor 

- 75K  +1*  fT 

70-L 

Hycor 

3321 

Resistor 

- 2k  +1* 

70-L 

Hycor 

R322, 

P323f 

R337 

Resistor 

- 2$K  +1* 

70-L 

Hycor 

R32L 

Resistor 

- liOK  +1* 

70-L 

Hycor 

R325 

Resistor 

- 10K  +1*  Iff 

70-L 

Hycor 

R326, 

R379 

Resistor 

- 3.3K  +_o* 

RC20EF332K 

R327, 

R338 

Resistor 

- 50K  +1*  ^ 

70-L 

Rye  or 

R328 

Re?"  ■'tor 

- 100K  +1*  ~9T 

*7rV.T 
, ys—x* 

TT ... 

ny  u ur 

R330 

Resistor 

- 30K  +1* 

?0-L 

Hycor 

R339 

R3iil 

Resistor 

- 2.?K  +1*  7 W 

6B-13 

Cinema  Eng* 

R3h2: 

R3U3 

Reaistor 

- 330  ohms  +10*  |fT  RC20BF331K 

Standard 

R34Uj 

R350 

Resistor 

- 22011  +1U* 

RC20BF22UK 

Standard 

1 

■do  hr? 

y 

PorO. 

•V-^4 

Resistor 

- 39K  +LC* 

RC20BF393K 

Standard 

R3U7, 
R3f S3 

R3U8, 

R332. 

Resistor 

- I4.7  ohms  +10*  1VT 

Type  BTA 

IRC 

R3k9 

Resistor 

- I47OK  +10*  |w 

RC20BFli7UK 

Standard 

KSS^CTSD 


PARTS  LIST 

RESTRICTED 

SECURITY  INFORMATION 

DLNt'17 

AFSkTA-221 

Circuit 

Designation 

Description 

Part  Number 

Manufacturer 

R3?8, 

R3<9 

Resistor,  SOQ  ohm  s-10? 
luff  wirewound 

"Brcwm  Devil" 

O* — 1 - 
\muiu.  1<C7 

Resistor  — 2.7h  ohms  +1? 

Cl 

TV 

llj  V 

R36G 

Resistor  - 391Z+1?  Jff 

70-L 

Hycor 

R361. 

itj)  j o 

Resistor  - 1.08  ohms  + 1 ? fn 

70-L 

Hycor 

R362 

Resistor  ~ .301  ohm  -il?  -gW 

fO— L 

Hycor 

R363 

Resistor  - looS  +1? 

70-L 

Rye  oi" 

R36U 

Resistor  - 3*03  ohms  +1? 

70-L 

Hycor 

R366. 

ms 

Resistor  - li?K  *10? 

RC20HFii73K 

3 OCUlUCL-rU. 

R367 

Resistor  - U.^K  +10?  1CST 
wirewound 

"Brown  Devil" 

Qhmite 

R368 

Resistor  - variable  --  300 
cbm,  T-Pad  Spec. 

cit-58 

Clares tat 

R3?0, 

R373' 

Resistor  (Determined  during 
test  and  calibration) 

Replace  in 
kind. 

R371j 

R372 

Resistor  - 68K  +10?  fW 

RC20BF683K 

Standard. 

R373, 

R3TU 

ResisLor  - 2.2  meg  +10? 

RC20BF223K 

Standard 

R377 

Resistor  - 220K  <-10?  f?T 

RC20BF224& 

Standard 

R3?8 

Resistor  - 1,S  meg  +10?  |W 

RC20BF153K 

Standard 

R380 

Resistor  - 82K  +10?  3ff 

RC20BF823K 

Standard 

R38U 

Resistor  - 100  ohms  +10?  |+T  RC20BF101K 

Standard 

R386 

R.sistor  - 2:2K  *10? 

RC20BF222K 

Standard 

R381  & R332  thru  E33o 

Resistor  - See  note. 

NOTE*  1.  Resistors  R332  thru  R336.  and  R38i  are  components  of  the  tuning 
unit  which  is  to  be  replaced  in  whole. 

2.  Resistor  part  numbers  wit;  RC  prefix  per  JAN-R-11. 
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Circuit  Designation 

Desci  .yfcien 

<D«*  wX 

A at  A O l^aJOL/CA 

Man of ac t urer 

Shaft! ock,  Wrench  type 

1510 

US  ECO 

Shaftlock,  Hand  type 

1520 

USECO 

Shield,  Tube  2-^  Ig 

75U 

Cinch 

Shield,  Tube  1-3A  lg 

753 

Cinch 

Shield,  Tube  1-15/16  lg 

952 

Cinch 

H30i 

Socket,  Panel  Lamp  (red) 

8U1IO-IU 

Dialer. 

XV301,  XV302,  XV30U 
XV305,  XV307  thru 
XV3Hi 

Socket,  Tube  7 Pin  Miniature  9319 

Cinch 

X7302,  SV306 
XV315 

XK301 

Socket,  Tube  9 Pin  Miniature  53F12621 
Socket,  Octal  Y7-MIP3 

Cinch 

Amphenol 

S301 

Switch,  Power 

75oo  kU 

Cutler-  Hammer 

S3  02 

Switch,  Rotary  2 CIR.  6 POS, 

. 3226J 

Mallory 

S3  03 

Switch,  Momentary 

13ko 

Arrow  Hart 
& Hedgeman 

S30U 

Switch,  Toggle  DPDT  CTR  OFF 
ll^V,  10A 

Cutler-Hammer 

T301 

4’  awm  aw 
* 4 04  UIUX 

m J _ J 

1 1'a.a^. 

V301 

Tube,  Vacuum 

6BF6 

Standard 

V303,  V30U,  V305, 

TT01A  TT-n  1 TT->*»  if 

Tube,  Vacuum 

6AU6 

Standard 

V302j  V30 6 

Tube,  Vacuum 

1.2AU7 

Standard 

V307,  V303.  V309 

Tube,  Vacuum 

6AQ5 

Standard 

V3I2,  V313 

Tube,  Vacuum 

6XJ1 

Standard 

V3il* 

Tube,  Gas  Regulator 

0A2 

Standard 

. V315 

Tube,  Vacuum 

12  AT  7 

Standard 

- 76  - 
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6.0  555190  REGULATED  PCWER  SUPPLY 


Circuit  Designation 

Description 

Part  Number 

Manufacturer 

C701.  0702,  C703 

Capac it  or , 6 uf  iOOOY 

JAN  CP70 
BIEG605K 

S+.arvS  arH 

C70li,  C705 

Capacitor,  0.1uf600V 

OIIC-610 

Tobe 

T 

Xi  | Ui 

Choke,  filter 

c'ccmn 

Benuix 

L702 

Choice,  Filter 

555031 

Bendix 

F701 

Fuse,  5 amp. 

312005-3AG 

Littlefuse 

XF7CI 

Fuse,  holder 

31*2001 

Littlefuse 

Handle,  Panel 

1020 

USECO 

Knob,  Instrument 

5-308-61* 

Kui'z-Kasch  Co 

▼ j-»  /*\n 

-LfUX 

Lamp,  Pilot 

17 

Mazda 

1 

M7C1 

Meter 

Y09U3 

Bendix 

1 

» 

Plug 

106-73A 

E.F. Johnson  C 

F701 

Plug 

16812-15 

Cannon 

R701 

Potentiometer,  175  ohm,  25W  0153 

Qhmite 

R702 

Resistor,  25K  5* 

5KT-25K 

Sprague 

R703 

Resistor,  12.5K 

5KT-12.5K 

Sprague 

I 

R70U 

Resistor,  2UCX  W 

n/ie/s  nnel  1 

iv;AUDr  cun 

Standard 

! 

R7C5  R707 

Resi stcr,  1 Me?. 

RC20BF105M 

Standard 

t 

! 

R7C6 

Resistor,  68K  1W 

RC30BF683M 

Standard 

! 

R70S 

Resistor,  15K  2W 

RC)j2BF153M 

Standard 

> 

R70  9 

Potentiometer,  10K 

58-10, 000WV7 

Clares tat 

H710 

Resistor,  Precision  500K 

60-500K 

Hycor 

i 

» 

R711,  r712 

Resistor,  Precision 
0.213  ohm 

60-0.213 

Hyc  or 

R713 

Resistor,  Precision 0.1062 
ohm 

60-0.1062 

Hycor 

i 

S7C1 

Switch,  Meter 

RESTRICTED 
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Circuit  Designation 

Description 

Part  Number 

Mfireei  P *5  ^ ^ 

uMJU  4Ua  0>^/  0 Ui 

0 nrtrt 

J(U£ 

Switch,  Toggle 

1330 

U 9.  U 

n u 11 

Shaftlock 

1510 

UE3CG 

XI701 

Socket,  Pilot  Lamp 

11*7-111 

Gothard- 

Jchnson 

T701 

Transformer,  Power 

^916 

Altec  Lansing 

T?02 

Transformer,  Filament 

9305 

Triad 

Tube,  Shield,  7 pin 
medium  1 3/b  in* 

7S3 

Cinch 

V?Oi 

Tube,  Vacuum 

5RiiGY 

Standard 

¥702 

Tube,  Vacuum 

6AS?G 

Standard 

V703 

Tube,  Vacuum 

6SL7GT 

Standard 

V70L 

Tube,  Gas  Regulator 

5651 

Standard 

— 73  — 
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DLM-17 

AFSffP-221 

9.0 

333600  MONITOR  PANEL 

Circuit  Designation 

Description 

Part  Number 

Manufacturer 

C901.  C90I; 

Capacitor,  D-l  ufijOOV 

P82 

Aerolite 

non?  # r.  on< 

C?p?cit  or;  ^05  uf  600’^ 

PR? 

Ar»r  cl  i te 

C903,  C906 

Capacitor,  23  -of  25^ 

Aerovox 

FyOi 

Fuse,  j amp.  3 AO 

3 12003 

Littlefuse 

XF  501 

Fuse  Holder,  Finger  Type 
■5  »n 

✓ <kV 

312001 

Td  + t lef use 

Handle,  Panel 

1020 

U.S.Engr.  Co, 

Knob,  Instrument 

LllOO 

Davies  Mold 

Knob,  Instrument  v, -/pointer 

Uoo  P 

Davies  Mold 

1 >01 

Lamp,  Pilot  Light 

#U7 

G.E. 

Oscilloscope  Assembly 

90903 

oouiicc  aixxLen 

XI  901 

Pilot  Assembly,  Grn  jewel 

810-BF 

Dial  Cck 

Plug,  Indcr: 

106-73A 

E.F.  Johnson 

p liA'i  -t-  v,™.  -Dnnl 

x v-  -4.  bi.x  u x y W14 

pi,,~  - 

i *KivA  -Jr 

16812-13 

Cannon  Elect: 

P905 

Plug,  AC 

2717 

G.E. 

PnnX 

**  'W 

11  iw  TJerten  e 

X «L.W£P  «/UlilX41U 

1 r.P_-7y^ 

X.V.  V i V 

1?  1?  T ~ _ ..  ~ 

u»  4 ■ uuiujvn 

R907.  r908 

Potentiometer,  .3  Meg  lype 

CU-30ul 

Ohmite 

J 903 

A-B  Receptacle,  AC 

2716 

G.E. 

R 901,  R90l 

Resistor,  U?0  ohms  |W 

Standard 

R 902,  R905 

Resistor,  20CK  1W 

Standard 

R oni  RonA 

y --y  y " 

Rccictcr,  33K  1W 
Shield,  Tube  Miniature 

8661 

.Q+  onH 
r i 

^XilS/44 

XV  901,  XV902 

Socket,  7 Pin  miniature  Tub 

e S01CM 

Cinch 

S9OI  thru  S90I4. 

Switch,  Rotary 

iiiC3 

Centralab 

S905 

Switch,  Rotary  - 2 gang 

1 Circuit,  1 gang  lhll 

- 79  - 
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AFSWP-221 

Circuit  Designation 

• Description 

Part  Number 

Manufacturer 

S906 

Switch,  Rotary  1 gang 

1 circuit 

3211  ?j 

Mallory 

— y ^ i 

CU!  A-  - U P ~A- -3 «... 

UH*UVMJ  -“VW«Xl  Jf  _/  gcui^ 

2 circuit/gang  lii25 

Centralab 

3508 

Switch,  Telephone  Type 

lOiiliB 

Cinema  ESngr# 

Vacuum  Tube  Voltmeter 

Model  62 

Measurement  Corp 

77  • -%■  »*-s 

vyux,  *yuc 

Tube.  Vacuum 

6aU6 

Standard 

Scope 

Tube.  Rectifier 

BTB  * 

CJLC.A 

Standard 

VTUM 

Tube,  Rectifier 

5*U 

Standard 

Scope 

Tube,  Rectifier 

5*3 

Standard 

VTVM 

Tube,  Vacuum 

6C5 

Standard 

VRVM 

Tube,  Vacuum 

6h6 

Standard 

Scope 

Tube,  Cathode-Ray 

5UP1 

Standard 

- BO  - 
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10.0 

Y11U61  EPUT  METER 

Circuit  Designation 

Description 

Part  Number 

Manufacturer 

C1201 

Capacitor  - 630  uuf  +10? 

•>  r\r\  tt  “ 

^ w » 

Handle.  Panel 

1020 

USECO 

Piugs  Index 

106-73A 

E.F. Johnson 

P12C1 

Plug.  Rack  Type  RTC  12-3U-3 

16812-15 

Cannon 

R1206 

Potentiometer,  50K  Carbon 

Type  AB 

Cnmite 

P1202 

Prod,  Test  - Phone  tip 

9U 

Bud  Radio  Inc 

R1201 

Resistor.  2.U  meg  _+10?  §*f 

RC20BF2U5K 

Standard 

TTS  ono  W1  OA“3 

*>0.1.  WC.  J * «-*-  t-  vy 

Resistor,  1.5  meg  +10? 

RC20BF155K 

•Standard 

R1201l 

Resistor.  J30K+10? 

RC20BF33U 

Standard 

R1205 

Resistor,  560K  +10?  |W 

RC20BF56UK 

Standard 

Shield,  Tube  - 1-15/16  lg 

952 

Cinch 

XVI201 

Socket,  Tube  9 Pin  Miniatur 

e 53F12621 

Cinch 

V1131-1,  v1131-2 
V13UU-1  thru  YL3UU-5 
V13J46J  VI  thru  VU 
71131-1*  thru  Vim-?, 

Tube,  Vacuum  - Miniature 
u1201 

12AU7 

Standard 

V1136 

Tube,  Vacuum 

12BH7 

Standard 

V101 

Tube,  Rectifier 

5UUG 

Standard 

V102 

Tube  Vacuum 

6Y6 

Standard 

V103,  VUhl 

Tube  Vacuum 

6au6 

Standard 

VlOh 

Tube,  Gas  Regulator 

0B2 

Standard 

V13h$-1}  V13U5-2 

Tube,  Vacuum 

6AS6 

Standard 

NOTE*  1.  For  parts 
2.  Resistor 

not  listed  see  schematic, 
part  numbers  with  RC  prefix 

per  JAN-Ri-11 

_ 
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nco 

T1180G  AUDIO  OSCILLATOR 

Circuit  Designation 

Description  Part  Number 

Manufacturer 

Cl 

Tuning  Capacitor  and  Drive  1-100 
Assembly 

Hewlett-Packard 

C2,  CU 

Capacitor t fixed,  sliver  mica, 
330  uui'j  Soovdcir; 

Electrical  value  adjusted  at 
factory 

03,  Cb 

Capacitor,  variable,  air,  30  uuf  «J— 55L 

Saxkes  Tarzian 

C6 

Capacitor:  Electrical  value  ad ■— 

justed  at  factory 

C7 

Capacitors  Fixed,  paper,  «?  uf, 
-10?  +20?  600  vdcw  681 

Aerovox 

C8  abc 

Capacitor:  fixed,  electro-  FPT-389 
lytic,  10,  10,  10  uf , a 00  vdcw 

Mall cry 

C9 

Capacitors  fixed,  paper,  681, 

2000  uuf,  -25?  +50?  600  vdcw 

Acrovox 

CIO,  C13,  CIS, 
Cl6 

Capacitors  fixed,  electro-  FPS-116 
lytic  liO  uf,  150  vdcw 

Mallory 

Cll 

Capacitor:  fixed,  electro-  FPS-lll 
lytic  20  uf,  15°  vdcw 

Mallory 

C12 

Capacitors  fixed,  paper,  P688 

.1  uf,  +10?  600  vdcw 

Aer^vox 

Clii 

Capaciators  fixed,  paper 
1 uf,  +10?  600  vdcw 

Girard  Hopkins 

Cl? 

Capacitors  fixed,  paper  Fo88 

.05  uf,  -10?  +30?  600  vdcw 

Aerovox 

Rl— Ru , IH3-R18 

Part  of  Range  Switch  Assembly 

R7-R12 

These  circuit  references  not 
assigned. 

R19-R21 

These  circuit  references  not 
assigned. 

R22 

Resistors  variable,  composition  33-010-725  Centralab 
20,000  ohms,  linear  taper 

— s.  — 
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R53 

Resistors  variable,  composition 
10,000  ohms,  linear  taper  JLU  1031 

Alien-Brad ley  Co 

nol 

xuii4 

- x *. .tl  - 

iLCOXOUOi.  6 vai  j.ouxC^  wuupvux  1/vt* 

2000  ohms;  linear  taper  37 

Clarostat 

R2£ 

Resistors  variable,  wirewound 

1000  ohms;  linear  taper  21-010-355 

Centralab 

R26 

Resistors  variable.  200  ohms 

R27 

Resistors  variable,  wirewound 

100  ohms:  linear  taper  21-010-3 5k 

Centralab 

R28 

Resistors  variable,  wirewound 

1000  ohms;  linear  taper  27-010-355 

Centralab 

R2? 

Resistors  fixed,  wirewound 
1500  ohms;  +10?  1*  Eff 

IntemationalRes 

R30 

Lampss  6ff  120V 

G.E. Supply  Corp. 

R31, 

Rlil, 

R33,  RUO, 
RIi2 . RU3 

Resistors  fixed,  composition 
56,000  ohms;  +10?  1W  GB  5631 

Allen- Bradley 

R32 

Resistors  fixed,  composition, 
100,000  ohms;  +10?  2W  HB  lGlil 

All en-Bradley 

R3U, 

R36 

Resistors  fixed,  composition 

270  ohms;  +10?  1W  GB  2711 

Allen-Braaley 

R35, 

R52 

Rlw 

Resistors  fixed,  composition 
560,000  ohms;  +10?  1W  GB  56L-1 

Allen— Bradley 

R37 

Resistors  fixed,  wirewound  A 2580 
5000  ohms;  +10?  20W 

Sprague 

R38 

Resistors  variable,  compose-  JU  2533 
tion,  25,000  ohms;  linear  taper 

Allen- Bradley 

R39, 

RU7 

Resistors  fixed,  composition, 

10,000  ohms;  +10?  Iff  GB  1031 

Allen- Bradley 

RU5 

Resistors  fixed,  composition, 

560  ohms;  +10?  iff  C-B  5611 

Allen-Braaley 

BU6 

Resistors  fixed,  wirewound, 

5000  ohms;  +10?  107  1-3 AE 

Lee tr ohm,  Inc. 

DLM-1  ( 

I'.**.  * 
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AFSTP-221 

Circuit  Designation 

Description 

Part  Number 

Manufacturer 

RU8 

Resistors  variable,  wire-  Z. -010-06? 
wound,  30  ohms:  linear  taper 

Centralab 

R k9>  R50 

Hssistors  fixed,  composition 
100,000  ohms?  + 105?  xW  GB  10Ul 

Allen- Bradley 

R5I 

10,000  ohms;  +10£  2W 

HB  1031 

Allen- Bradley 

~%ryj 

Resistor:  fixed,  composition 
33,000  ohms;  +10?  1W  GB-3331 

Align—  Rr  ad  Isy 

R Sk 

Resistor:  variable,  composi- 
tion, 2^,000  ohms  linear 
taper 

BAI-010-1990 

Centralab 

R55 

Resistor?  fixed,  composition 

4?, 000  ohms;  +10^  1ST  GB  1:731 

Allen— Br  adiey 

R£6 

Resistor:  fixed,  composition 
270,000  ohms;  +10S  1W  02  27Ul 

Allen-Bradley 

Binding  Posts 

312-3 

Hewlett-Packard 

Dial  Indicator* 

T 1 AAV 
X—  tuun 

Hewlett-Packard 

Escutcheons 

G-99A 

H evrl  ett-Packard 

FI 

v*.  n • 

ruse,  ja, 

a n 

J>  iiU 

— If  ~ n ~ 

OUOOU1CU1  BUglVU* 

Fus eh older* 

312001 

Littlefuse-Inc. 

Indicator  Lamp  Assembly 

8C7BS 

Singal  Indicator 
Co. 

Knob:  1-3/8"  diam. 

37-12 

Hewlett-Packard 

Knobs  1—1/2 " diam. 

37-31 

Hewlett-Packard 

Knob:  2"  diam. 

37=13 

Hewlett-Packard 

n 

Lamp,  Mazda 

3*7 

GoE.  Supply  Co, 

Lampholder 

639-1 

Leecraft  MFG, 

Handle,  Panel 

1020 

USECO 

- 8U  - 
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lircuit  Designation 

Description 

part  Number 

Manufacturer 

P13Q1 

Plug 

16312-15 

Cannon 

LI 

Reactors  6H  at  12?  ma« 
2>- c ° 

onjo 

H cn let t— Pickard 

Si,  R1-R6 

^VL^J^-^-a-C 

n^ngs  svf ltrch  /wscnibiy 

Hc*VaCX'Tr"i'*SCiCciX'\2 

S2 

Rotary  Switch 

8171? 

Arrow,  Hart  and 
Hegeman 

T1 

Power  Transformer 

910-?? 

Hewlet  t— Packard 

71.  V3 

Tubes  Vacuum 

6SJ7 

Stai  dard 

xrr> 
• *_ 

Tubes 

6AG7 

Standard 

vh 

Tubes 

6v6 

Standard 

v? 

Tubes 

?Y3GT 

Standard 

76 

Tubes 

6L6G 

O 4-  «*•  4 ^ 

M CCAA  *VACJk~*.  SA 

V? 

Tubes 

6SQ7GT 

Standard 

tr 

• w 

Tubes  Gas  Regulator 

VR1?0 

Standard 

RESTRICTED 


©*/  J*' 


PASTS  LIST 


RESTRICTED 

SECURITY  INFORMATION 


AFSWP-221 


12,0  1T.1236  La?  PASS  FILTER  CHASSIS  ASSEMBLY 

Circuit  Designation  Description  Part  Number  Manufacturer 


rlCi 

Q aaL  a!  Ini 

P102 

Same  as  P101 

P103 

Same  as  F101 

PlOh 

Same  as  P101 

P105 

Plug 

Plug 

S101 

Switch-DPDT 

S102 

Same  as  S101 

S103 

Same  as  3101 

SlOii 

Same  a3  S101 

*7  O OD 
I vwv 


k ,L T 

wuuuquva 


16bi2-15 

106-*?3A 

20510 


Cannon  Elec. 
E.F. Johnson 
Arrcw  H&H 


♦ 
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AFSKP-221 

13.0 

555220  OSCILLOGRAPH  CONTROL  PANEL 

Circuit  Designation 

Description 

Part  Number 

Manufacturer 

J801  thru  J836 

Jack 

1399B 

Cinema  Ehgr. 

S801  thru  S838 

Key,  Lever 

10LLH 

Cinema  Engr. 

P801  thru  P806 

rxugj  n&CK  iy p6 

16812-15 

Cannon  Elec. 

S801  thru  S818 

Switch,  Toggle  DPDT 
Bat  Handle 

20510 

Arrow  H£cn 

DSfVI  + Pfll  A 

ivUvx  V1U  U »WJU.V 

A 4 » ' «/*'  v 

Cl.sros’tST- 

Handle,  Panel 

1020 

US  ECO 

Plug,  Index 

106-73A 

E.F.  Johnson 

Shaftlock,  Hand  Type 

1520 

USEC0 

- 87  - 
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PTli-T  7 

AFSffP-221 

U*.0 

Y11I56  BLOffER  PANEL 

Circuit’ 

r>+-?  r\>r> 

MWO  wa  Ay  WAWti 

u r»  l»+  nViihV<  avi 

a ax  v/  a*  <iuuvA 

lfenn  f n4-i 
aitntuj.  fa>v  \j\ajl  Vi. 

B201 

Blower 

3B08 

Hg  Elec, 

F201 

Fuse.  5 amp 

3/0 

Littiefnse 

1201 

Light,  Pilot  11<V 

16S6 

Mazda 

Torn 

U (.  VAX. 

Rsc sptacle 

i m 0 
*-?**-> 

UP.U 
m ± vii  Huai 

P201 

Plug 

16812-15 

Cannon  Elec, 

S201 

Breaker,  Circuit 

Olili 

Hein  an  an  Elec 

XF201 

Holders,  Fuse 

312001 

Littlefuse 

XI201 

Socket-  Lamp 

U47“1201 

Johns on- 
Gcthard 

Filter,  Fiberglass 

icxion 

0=rcns  -Corning 

Handle,  Panel 

1020 

USEC0 

- 88  - 
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15.0 

Yll?Uu  MASTER  POffSP  PANEL 

Circuit  Designation 

Description 

Pdr  u 

Manufacturer 

lliOl 

T.i  0+1+..  pilot  j.l5-r 

6s6 

Un^.Ha 

l!i02 

So™,  a o TIiOll 

J14OI 

Outlet,  Duplex 

1513 

Arrow  H«H 

S^Ol 

Breaker,  Circuit  30  amp* 

OUll 

Hein «n aim  Elec 

Sii02 

Breaker,  Circuit  15  amp. 

Cull 

Heinsmann  "lee 

XIliOl 

Socket,  Lamp 

H47-1201 

Johns on- 
Gothard 

HU02 

Same  as  XIliOl 

- 89  - 
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MOBILE  TELEMETERING  RECEIVING  TRAILER 
SECTION  I 


CD  CO 


GENERAL  DESCRIPTION 
Electrical  power  Syataa 


ULM—1 ( 
AFSWP-221 


1.1  External  Power  Source 

Since  "these  telemetering  trailers  are  uften  required  to  operate 
at  remote  locations  where  there  is  no  sourc«of  commercial  power,  four 
portable  12*5  K7A  gasoline  engine-  generator  units,  type  PE  y5K  are 
provided  to  supply  power  to  the  three  trailers.  Four  100  ft,,  2— 
conductor  power  cables  are  fitted  at  one  end  with  lugs  to  connect  to  the 
generators  and  at  the  other  with  a Crouse-Hinds  Arktite  plug  which  mates 
a receptacle  mounted  on  the  right  side  of  each  trailer, 

1.2  Internal  Pcwer  Connections 


From  the  trailer  receptacle,  the  power  is  fed  to  a 100  amp,  en- 
closed circuit  breaker  where  it  is  distributed  to  a 23  volt  power  supply, 
a Stabiiine  voltage  regulator  and  bank  of  three  switches  which  supply 
the  lights,  the  outlet  strips  and  the  air-conditioning  %alem.  The 
outlet  strips  are  fed  directly  from  the  switch  bank  where  as  the  lights 
and  the  air-conditioning  system  have  individual  switches  to  facilitate 
combined  or  independent  operation, 

1,3  P carer  Supply  - 28  V.D.C„ 

The  10  amp  28  volt  DC  power  supply  is  a selenium  type  rectifier 
operating  from  a llu/28  volt  transformer,  and  supplies  two  antenna 
position  control  paiiyls,  \AFCjp) 

l.a  Stabiiine  Voltage  Regulator 


The  Stabiiine  Automatic  Voltage  Regulator,  Type  EM  i»106, 

6.0  KVA  single  phase,  which  supplies  a regulated  voltage  to  the  two 
trailer  telemeter  stations  and  consists  of  a bridge  and  Lhyrstv 
circuit  controlling  a motor-operated  powerstat  variable  transformer. 
This  electronically  controlled  regulator  delivers  a constant  output 
voltsgs  i.nd spsndsnt  Xd.ri3  lc3.d  currs^it  £»nd  Xc£ci  pesrer 

considerations  very  important  to  the  operational  stability  of  the 
telemetering  stations.  The  output  voltage  is  a faithful  and  distort- 
ionless reproduction  of  the  applied  waveform.  Although  the  regulator 
provides  high  speed  correction,  if  the  line  voltage  constantly  varies 
a small  amount  due  to  transients,  possibly  caused  by  heavy  starting 
loads,  the  regulator  wall  not  be  able  to  smeoth  out  these  variola one. 
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1.5  Air-7-cnditi  oning  System 

The  air-conditioning  system  consists  of  two  CARRIER  model  5l$3 
refrigerated  air-conditioners  and  one  trailer  exhaust  fan.  Due  to  the 
excessive  amount  of  heat  dissipated  by  the  two  telemetering  stations 
into  the  confined  space  ol  zne  trailer.  It  was  necessary  to  install 
+wn  air-conditioning  units  to  maintain  a suitable  working  temperature 
for  the  equipment  and  the  operating  personnel.  The  second  air-condit- 
tioner  is  energized  from  e A tTi  n't".  r»T'—  rron  Qys.'ti  PT*  Unit-.  f’-V'T'**1''  .tV»  a 

separate  purer  cable  and  trailer,  receptacle  circuit  in  order  to  pre- 
vent overloading  of  the  E-G  set  supplying  power  tc  the  telemetering 
stations.  The  air-conditioners  operate  on  220  volt3  and  a 110/220 
yolt  step-up  transformer  is  used  with  each  units 

Antenna  System 

2.1  General 


The  trailer  antenna  system  Can  be  classified  into  two  categories; 
The  receiving  antenna  system  and  the  antenna  position  control  system. 

The  receiving  antenna  system  consists  of  two  antenna  masts,  two  receiving 
antennas,  the  antenna  coax  lead-ins  and  two  antenna  couplers.  The 
antenna  position-control  system  consists  of  the  position-control 
transmitters  and  drive  motors,  anu  two  antenna  position-control  panels 
on  which  are  mounted  the  positionr-control  switches  and  indicators. 

2. 2 Receiving  Antenna  System 

2«2ol  Ar.tenna  Masts 

Two  masts  are  located  on  the  ton  of  each  trailer  positioned 
diagonally  across  from  each  other  to  provide  maximum  spacing 
between  the  two,  each  of  which  is  for  one  T/M  station.  The  two 
masts  are  so  hinged  at  ~he  base  that  thev  can  be  folded  down  and 
attached  to  the  top  of  the  trailer.  When  extended  in  the  up 
position,  the  antenna  projects  20  ft. above  the  top  level  of  the 
trailer. 

2»202  Receiving  Antenna  Assembly  Y-l~a77 


The  receiving  antenna  is  a stacked  antenna  consisting  of  two 
3 element  parasitic  arrays,  veiiiCdxi^  poiarxzeu  wxon  xoioea 
dipoles  as  the  radiators,  a reflector  and  director.  This  type 
provides  high  gain  and  a high  front-to-back  ratio.  The  two  arrays 
are  snaced  a half  wavelength  apart  and  are  fed  90  degree?  cut  of 
phase  tc  op+.aio  the  desired  radiation  pattern.  The  two  arrays  are 
fed  through  ballon  transformers,  for  the  purpose  of  balancing  the 
antenna  feed  to  ground  ^nus  reducing  the  standing  wave  iallo. 


5STf?I( 
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2.2.3  Coax  Lead-in 


Each  of  the  two  arrays  of  one  antenna  feeds  separate  RG-ll/U 
eoaxiai  cables  which  differ  in  length  by  a quarter-wavelength  at 
the  operating  frequency  as  measured  on  a slotted  line,  thus  ob- 
taining one  90  degrees  phasing  in  tne  feed  to  the  antenna  coupler# 

2.2. k Antenna  Couplers  - Y-15U78 

Two  antenna  couplers  are  used,. one  for  each  station.  It  is  a 
quadruplexing  balanced-bridge  type  employing  three  "magic  T"  coaxial 
rings  each  of  which  consist  of  eight  specific  lengths  of  coaxial  cable 
and  two  KLC  circuits  enclosed  in  a metal  housing. 

2.3  Antenna  Position-Control  System 

2.3.1  Antenna  Position-Control  Panel.  Y-1631? 

The  antenna  position-control  panel  is  mounted  at  the  top  of 
cabinet  *C“  in  6cC  h station  and  consists  of  a position  ■ — indicator 
which  indicates  the  azimuth  aid  elevation  position  of  the  antenna,  and 
azimuth  and  elevation  switch  control  which  affords  movement  of  the 
antenna  to  the  desired  position,  and  an  elevation  and  azimuth  calibration 
adjust  for  the  purpose  of  indicator  position  correction. 

The  position  indicator  is  a dual  indicating  type  meter,  one 
indicator  for  azimuifc  position  from  0 to  +90  degrees  and  the  other  for 
elevation  frcm  0 to  +90  degrees.  It  is  possible  to  adjust  the  antenna 
mechanically  in  order  that  180  degrees  can  scanned. 

2.3*2  Position-Control  Motors  and  Gearing 

bach  antenna  mast  is  equipped  with  trr  z 28  » dl  dx  iv e mete.  t.  ono 
to  move  the  antenna  in  azimuth  and  the  other,  in  elevation.  Each  motor 
has  two  field  windings  such  that  the  direction  of  motor  rotation  can 
be  selected  by  energizing  the  proper  winding.  Micro-switches  enclosed 
in  the  motor  unit  limit  the  amount  of  travel  in  both  direction  such  that 
by  the  proper  gearing  the  antenna  is  limited  to  130  degrees  azimuth 
rotation  and  90  degrees  in  elevation. 

The  position-control  drive  motors  are  mounted  in  a housing  at 
the  bass  of  the  mast  and  are  geareu  iro  one  gear 'Housing  at  the  top 
of  the  mast  by  drive-shafts;  the  elevation  control  is  brought  through 
the  center  of  the  main  mast  and  the  azimuth  control  through  ?.  shaft 
alongside  the  main  mast. 
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2.3*3  Position  Control  Siritches 


The  position-control  switches.,  mounted  on  the  antenna  control 
panel  are  iiPDT,  momentary  ON-OFF-ON  switches  with  the  normal 
position  being  off*  Thus  depending  on  which  switch  is  energized 
and  in  which  position,  the  antenna  will  move  either  right,  left, 
up  or  down. 


2*3 aIi  prtoi An — Con 


" mm  •?  A A mw  — 

■ii  oiianu  v utTA.  c* 


The  position- control  transmitters  are  mounted  in  the  motor 
housing  at  the  base  of  the  antenna  mast  and  consist  of  two  100 
ohm  potentiometers  which  arc  soring  leaded  and  geared  to  the 
antenna  drive  motors  by  a phosphor-bronze  cable  such  that  the 
antenna  movement  is  translated  into  a resistance  change  which 
results  in  a change  of  meter  indication. 


3.0  Inter  and  Intra  Trailer  Wiring 

3.1  Inter-Trail or  Wiring 

A junction  box  is  located  on  the  right  side  of  the  trailer  in 
which  all  electrical  circuits  external  t.o  the  T/M  receiving  stations  are 
located.  In  addition  to  containing  inno+ton  points  for  the  inter-corn, 
and  timing  circuits  cables  between  trailers,  this  box  also  serves  35  a 
junction  box  for  the  antenna-position  control  system. 


The  cable  connector0  are  wired  for  an  inter-com  circuit  and  three 
timing  circuits.  The  inter>-eom  circuit  feeds  two  field  phones  and  an 
amplifier  in  each  trailer  for  the  purpose  of  communicating  between 
trailers  and  three  timing  circuits  for  the  purpose  of  synenrenizing  the 
oscillograph  records  of  all  the  stations.  Each  trailer  is  equipped 
with  two  parallel  plugs  so  that  irrespective  ox  which  trailer  may  be 
located  between  the  other  two,  a cable  may  be  run  from  that  trailer  to 
the  other  two. 


3.2  Time  Base 

The  three  timing  circuits  include  time  base,  range  time,  and 
zero  time  signals.  The  time  base  signal  originates  in  the  telemetering 
ground  station  and  is  a 1 ops  pulse  signal  which  is  fed  to  a switch  in 
the  trailer  junction  box.  This  switch  is  a DFDT,  ON-OFF-ON,  switch 
which  selects  the  1 cps  signal  which  is  to  be  used  in  the  system  as 
a common  time  base. 


3.3  Zero  Time 


Trie  sei  o time  signal  is  a pulse  signal  which  originates  frer  a 
photo-electric  cell  unit  which  has  to  be  set  up  external  to  the  trailer 
exposed  to  ground  zero  so  that  at  the  time  of  the  flash  a pulse  will 
be  red  to  the  system  and  hence  recorded  on  the  telemetering  record 
synchronizing  all  telemetering  records. 
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3 o RaiigG  TIlH 3 

The  range  rime  signal  is  a signil  originating  external  to  the 
telemetering  system  for  the  purpose  of  synchronizing  the  telemetering 
records  with  any  other  records  which  may  be  taken  simultaneously 
Uoing  the  same  range  time  signal  source* 
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SECTION  II 


PREPARATION  TO  OPERATION 


1.0  Electi.  ical  Power  System  - Y-163 31 


T 1 


Jailer  Location 


The  desired  location  of  one  trailer  with  respect  tc  the  ethers  is 
such  that  the  antennae  are  the  maximum  distance  apart  with  respect  tv  the 
signal  source  which  is  a pattern  such  that  the  receiving  trailers  are 
in  a line  (See  Figure  ij3 ) with  the  signal  source  being  in  a direction, 
broadside  from  the  trailer.  The  desired  location  of  the  power  units- 
PE-95K's.  would  be  at  a maximum  distance  from  the  trailers  and  in  the 
opposite  direction  from  the  signal  source  in  order  to  reduce  the  possi- 
bility cf  interference  from  the  ignition  svsten. 


1.2 


Power  Connections 


The  two  conductor,  four  gage,  rubber  covered  cable  provided  with 
each  trailer  is  connected  to  the  ilCV  output  terminals  cf  a PE9f>K  power 
unit  and  the  other  eau  with  the  Crouse-Hinds  3-pin  plug,  is  connected 
to  the  proper  receptacle  on  the  side  of  the  trailer.  Each  power  unit 
will  then  provide  power  to  one  trailer  for  its  operation.  (See  Figure 

U3  ). 


The  smaller  power  cable  provided  with  each  trailer  has  a 2-pin 
Crouse-Hinds  plug  and  that  cable  is  connected  to  the  proper  receptacle 
or.  the  side  cf  the  trailer  and  thr  three  cables  are  connected  in 
parallel  to  the  fourth  power  unit  provided  for  this  purpose.  This 
power  unit  will  then  provide  power  for  the  operation  of  the  second  air- 
conditioner  unit  in  each  traile  r. 

Each  trailer  and  power  unit  chasds  must  he  grounded  to  earth  to 
prevent  the  buildup  of  a charge  between  tne  trailer  and  earth.  A pre- 
caution which  must  be  taken  prior  to  connecting  the  ground  to  e<aih 
trailer  is  to  measure  the  voltage  between  the  trailer  chassis  and 
ground  with  all  power  units  operating.  A reading  of  110  volts  indi- 
cates that  the  output  connections  on  the  respective  power  unit  should 
be  reversed. 

2,0  T/M  Trailer  Antenna  System 

2,1  Receiving  Antenna  Installation 

2.1.1  Antenna  Locations 


Each  trailer  is  equipped  with  two  folding  antenna  masts 
oii  each  oi  which  is  mounted  one  antenna.  Below  is  a table 
listing  the  antenna  meaden,  ms  antenna  numoor,  me  coax 
pail-  number,  the  corresponding  receivers  which  it  feeds  and 
the  channels  which  the  combination  covers* 

_ Qd  _ 
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Figure  U2  - Block  Diagram,  Trailer  Power  Distribution 


Figure  U3  “ i>lock  Diagram,  Power  Distribution 
Trailers  1,  2 and  3 
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ANTENNA 

LOCATION 

ANTENNA 

NUMBER 

COAX 

PAIR 

NO. 

RECEIVER 

NUMBER 

CHANNEL 

COVERAGE 

•i  • 

Trailer  No. 

■»  tu  A 
- \*w 

-L 

A 

1-ii 

i-ii 

2. 

Trailer  No, 

1 (L) 

n- 

C. 

2 

5-8 

5-6 

✓ • 

Trailer  No. 

2 (R) 

3 

3 

9-12 

9-12 

t. 

u* 

Trailer  No. 

2 (L) 

l 

h 

13-16 

13-16 

:>* 

Tr  ailer  No. 

3 (R) 

K 

cr 

✓ 

17-20 

17-20 

6. 

Trailer  No, 

3 (L) 

> 

3 

21-22 

1—20 

It  is  to  b6  noted  that  th 
bears  an  antenna  number  of  3. 
antenna  feeds  the  standby  stat 

e antenna  listed  under  item  6 
This  is  due  to  the  fact  that  this 
ion  in  trailer  No.  3 which  is 

equipped  with  tuneable  receivers;  21  and  22.  Therefore,,  this 
antenna  is  designed  to  the  center  frequency  of  twenty  allocated 
channels  which  thus  makes  at  identical  to  antenna  No.  3.  Al- 
though. it  does  not  operate  at  maximum  efiiciency  through  out 
the  twenty  channel  band*  it  does  operate  satisfactorily. 

2sl«2Antenna  Installation  Procedure 

The  proper  antenna  is  ssi*'t.on  and  mounted  on  the  antenna 
naet  while  the  antenna  is  in  the  folded  down  position.  The  gear 
bux  at  the  top  of  the  antenna  has  two  arms  with  clamps  to  which 
the  antenna  is  attached.  The  azimuth  position  of  the  antenna  is 
fixed  by  the  position  of  the  antenna  mount  however,  the  antenna 
is  adjustable  m elevations  The  antenna  should  be  damned  into 
position  such  that  the  mounting  arms  when  ir.  the  full  down  posi- 
tion the  antenna  will  be  in  the  lowest  angle  which  is  desired 
to  be  scanned. 

The  proper  coax  pair  is  connected  to  the  antenna  and  the 
leads  clamped  to  the  antenna  mast  near  the  top  with  sufficient 
slack  to  allow  full  movement-  of  the  antenna  in  aaimuth  and 
elevation.  The  leads  are  then  fed  thru  the  opening  on  the  side 
of  the  trailer  and  connected  to  the  antenna  coupler. 

The  antenna  mast  may  now  be  raised  to  the  "UP*  pos-t  * on  and 
secured  in  position  and  the  system  is  ready  for  operation. 
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2.2  Antenna  Position  Control  Inst all aticn 


The  antenna  position  control  system  requires  no  preparation 
for  operation  as  all  equipment  is  permanently  installed  and  requires 
.-ml v a system  check  which  is  explained 
of  this  system. 


vhv  \s 


d oi  on 


3 .0  Inter  and  Intra  Trailer  Wiring 


j.  1 AutiGr—t/i  ciilci'  RNi 

The  inter-trailer  cables  are  connected  between  trailers  where- 
upon tne  mter-eem  and  three  timing  circuits  are  ready  for  inter-trailer 
operation. 

3.2  Intra-trailer  Wiring 

The  only  two  circuits  within  the  trailer  junction  bex  which  are 
not  cuiiploLe  are  the  ZERO  and  RANGE  TIME  signals  and  to  make  them  com- 
plete requires  that  their  signal  source  be  connected  tc  the  system. 

The  ZERO  TIME  signal  is  generated  by  a photc-electric  call  unit 
which  must  be  mounted  exposed  to  ground  zero  so  that  at  the  time  cf  the 
flash  and  pulse  signal  will  be  generated  and  fed  through  a pair  of  leads 
tc  a trailer  junction  box  and  hence  fed  to  the  inter-trailer  system. 

It  is  necessary  to  have  only  one  photo-electric  unit  as  its  signal  will 
he  fed  to  all  ground  stations  through  the  inter-trailer  wiring  system. 

The  RANGE  TIME  signal  (if  used)  originating  external  to  the 
telemetering  is  connected  to  the  proper  terminals  in  the  junction 
box  of  one  of  the  trailers  and  hence  is  fed  to  the  system. 
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SECTION  III 
OPERATION 

1.0  T/M  Trailer  Power  System 

1.1  Supplying  Power  to  Trailer 

1.1.1  Check  nower  cable  rreinp'st.inn.'!  snH  nr>*iT.  i nn  r>£  Hris  circuit, 
breakers  (OFF)  and  aiso  make  chock  of  fuel  ana  oil  levels  of 
power  unit  engine. 

1.1.2  Energize  engine-generator  power  unit  as  per  postecu  instruc- 
tions and  allow  a warm-up  period. 

1.1.3  Adjust  voltage  and  frequency  output  of  power  unit  as  per 

_ ^ _X  ^ X X-t  _ _ _ 

pv/tj  ota*  xiio  oi'Ul-  U-LUII**  • 

1.1.1;  Turn  "ON*'  p*:*rar  unit  output  circuit  breaker  and  power  is  now 
supplied  to  the  trailer. 

1.2  Supplying  Power  to  Trailer  Components 
1-2-1  Turn  "ON"  main  circuit  breaker. 

1.2.2  LIGHT'S  - Turn  "ON"  lights  switch  on  switch  bank0 

1.2.3  EXHAUST  FAN  - Turn  - "ON"  blower  switch  on  switch  bank. 

1.2.1;  OUTLET  STRIP  ~ Turn  "ON"  outlets  switch  on  switch  bank. 

1.2.5  TELEMETERING  STATIONS  - Turn  "ON"1  circuit  breaker  on  Stabi- 
line  voltage  regulator. 

1.2.6  AIR-CONDITIONERS  - Turn  "ON"  air  conditioner  circuit  breakers- 

1.2.7  ANTENNA  CONTROL  SYSTEM  - Turn  "ON"  switch  on  28  volt  power 
supply. 

1.3  Supplying  Power  to  Auxiliary  Air-Conditioner 

1.3.1  Check  power  cable  connections  and  position  of  1 1 na  C ix  CU  XX 
breakers  (OFF)  and  also  make  check  of  fuel  and  oil  levels  of 
power  unit  engine. 

1.3*2  Energize  engine-generator  power  unit  as  per  posted  ins  true- 
tions  and  allow  a warm-up  period. 

1.3.3  Adjust  voltage  and  frequency  output  of  power  unit  as  per 
posted  instructions. 
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L.  Turn  "ON"  power  un^. 
now  supplied  to  auxiliary 


output.  circuit  breaker  and 
air-conditioner  units. 


power  is 


2.0  Trail ar  Antenna  System 


Receiving  Aut-vima  System  - See  Figure  l|i* 


The  two  arra./s  of  the  receiving  antenna  are  spaced  a half- 
wavelength  a part  and  the  coax  leads  from  the  antenna  to  the  antenna 
coupler  differ  ir  length  by  a quartcr-wav el angth . This  combinati on 
gives  a fairly  broad  antenna  radiation  pattern  since  it  is  necessary 


to  s -Unv.it: 


'.y  : o-  eive  as  many  as  four  signal-  from  airborne 


telemeter ii.g  uiuis  oii  a single  antenna. 


The  antenna  coupler  (See  Figaro  Ur  axiiif ) used  to  affords  the 
use  cf  four  receivers  feeding  from  a single  ^..oenna  array.  Actually  the 
antenna  is  comprised  cf  two  antenna  arrays,  each  having  a coax  lead  to 
the  ocuplwc , The  coupler  consists  of  three  balanced  bridge  circuits 
and  when  employed  in  multiple  receiver  installations  such  as  this, 
the  coupler  affords  excellent  isolation  between  receivers,  thereby  re- 
ducing the  spurious  signals  caused  by  local  oscillator  inter -act ion 
and  the  pulling  in  effect  between  receivers  connected  to  a common 
antenna  system  and  tuned  to  adjacent  frequencies.  The  insertion  loss 
inherent  in  this  type  of  unit  is  more  than  compensated  fer  by  antenna 
gain. 

2.2  Antenna  Position  - Control  System  - See  Figure  );7 

Operation  cf  the  antenna  control  system  is  from  the  ANTENNA 
POSITION  CONTROL  PANEL.  After  the  antenna  has  oeen  properly  mounted 
the  28  volt  power  supply  is  energised,  the  elevation  and  azimuth  in- 
dicated positions  on  +he  position  indicator  .is  corrected  by  means  of 
the  elevation  and  azimuth  CALISRATICN  ADJUST  so  that  the  indicator 
will  indicate  the  antenna’s  true  position  in  relation  to  the  trailer. 

Antenna  movement  can  be  effected  by  actuating  the  proper  switch 
on  the  ANTENNA  POSITION  CONTROL  FANEL  for  either  azimuth  nr  elevation 
movement.  Prior  to  an  actual  operation,  the  antenna  is  positioned  in 
the  anticipated  direction  of  radiated  signals  and  then  during  the 
operation  the  antenna  position  is  adjusted  for  maxinum  signal  strength 
indication  on  the:  receivers.  However,  since  four  receivers  are  oper  • 
ated  on  one  antenna  array  it  may  not  be  possible  to  peak  the  signal 
strength  indication  or.  all  four  receivers  therefore,  it  will  be 
necessary  to  compromise  on  the  levels. 

3.0  Inter  and  ln-ra  •-  Trailer  Wiring  --  See  Fcgure 


3.1  Inter-trailer  Wiring 


The  inter-trailer-  cables  parallels  the  inter-ccsc.  sere-  tdrr.i. 
range  time,  end  1 cps  time  circuits  in  the  three  trailers  so  that 
coasaunications,  synchronizing  and  timing  is  possible  between  all  the 
trails  s i 
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ALL  LINE  ‘3£SM£NTS  Y- 16316  'A  A M 247.4-  MC.  EXCEPT  AS  KlOTED 


Figure  U5  - Schematic,  Antenna  Coupler 


SCLDER  TO  PlSTAiL 


I.  _Dir*T_  "l"  9.5  0m  FOR Y 1631b  WITH  RG  fe2/u 

z.  DIM.  'l"  30. 16  IN.  FOR  Y 16316-1  WITH  R6  62/u 


Figure  U6  - Segments,  Antenna  Coupler 
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Figure  U7  - Schematic,  Antenna  Position  Centro!  Panel 
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Figure  liH  - Wiring  Diagram,  Intra  Trailer 
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Intra-Trailer  Wiring 

3.2,1  Inter-communications 


Within  each  trailer,  there  arc  i*u  field  phones  and  an 
amplifier.  3 y turning  the  amplifier  cn,  it  is  possible  to  monitor 
the  iiitci  — 0 urn.  without  using  the  field  phones. 

3.2.2  Tune  Base 

Basically  the  timing  used,  is  the  TIME  BASE  -which  is  a 1 
cps  pulse  taken  off  from  the  EFUT  meter  in  each  station.  In  each 
trailer  there  is  mounted  on  the  junction  box,  an  EPUT  SELECTOR 
STITCH.  Each  of  the  two  EPUT5  in  each  trailer  feeds  a 1 cps  timing 
signal  to  this  switch  such  that  it  is  possible  to  select  one  signal 
but  not  both,  and  feed  this  signal  tc  the  two  oscillograph  control 
panels  and  hence  to  all  recorders.  However,  its  desirable  to 
have  the  same  timing  signals  on  all  the  recorder?  of  the  three 
trailers  therefore,  all  trailers  have  their-  time  base  circuits  in 
parallel.  Since  it  is  possible  to  have  three  time  base  signals 
simultaneously  on  the  system,  during  an  actual  operation  only  one 
trailer  .will  have  their  switch  in  the  "ON"  position  and  the  other 
two  will  be  in  the  "OFFn  position.  In  case  cf  a failure  in  the 
trailer,  one  cf  the  other  trailers  will  turn  their  switch  to  the 
^N"  position  and  a time  base  signal  will  continue  to  be  fed  to 

AVn  ••  — .X- 

olio  OjrOoWhil© 

5.2.3  Range  Time 

The  RANGE  TIME  SIGNAL  is  fed  thru  an  isolation  transformer 
and  an  amplitude  control  in  the  trailer  junction  box  and  then  goes 
directly  to  the  oscillograph,  sync,  plug  via  the  station  control 
cabinet. 
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SECTION  17 


MAINTENANCE 


1.0  Electrical  P-ows  r System 

T*iy> f?i n o pron + />»*  Poorer  ^ ri m 3 


Proper  maintenance  of  the  engine-  generator  power  units  is  a 
prime  prerequisite  for  satisfactory  and  dependable  operation  of  the 
units  and  hence  trie  Vraleroetering  stations  since  a power  failure  at,  a 
critical  time  would  decommission  the  entire  telemetering  trailer. 


A War  Department  technical  manual.  TM  11— ?0L«  is  included  in  the 
catalog  file  of  each  trailer  for  the  PS  1§K  power  unite. 

1.2  Air-Conditioner  Ur. its 


A manufacturer 1 .<=  operational  and  maintenance  manual,  is  included 
in  the  catalog  file  of  each  trailer  for  the  PE-95K  power  units. 

1„3  Voltage  Regulator 

The  regulator  is  fitt  • with  a quick-trip  magnetic  circuit 
breaker,  which  serves  as  an  "C  -OFF"  witch  for  the  control  circuit  as 
well  as  the  power  circuit*  F_0ure  !&'  show  = * schematic  cf  the  regul- 
ator. 


By  closing  the  ciiouit  be eaker  "ON-OFF”  switch  the  control  cir- 
cuit will  be  energized  and  the  pilot  light  will  light,  indicating  that 
the  control  circuit  is  receiving  power.  In  l£  or  20  seconds  either  one 
raise  or  lower  thyratren  tube  will  conduct  causing  the  regulator  to 
operate  if  correction  is  required* 


lil  Sensitivity  Control 


'The  setting  of  the  c 'ntrcl  on  the  right  front  panel  marked 
"Sensitivity"  controls  the  sensitivity  of  vhe  regulator.  The 
tern  "Sensitivity"  defines  the  value  of  voltage  departure  fresa 
the  nominal  output  which  will  cause  the  regulator  to  correct. 
Increasing  the  setting  of  the  sensitivity  control  causes  the 
regulator  to  correct  for  smeller  voltage  variations.  This 

r.  nr+~c2.  -rn3.v’ 


At.  - 


removing  he  dress  cap  which  screwed  over  the  control. 
Figure  5*b  is>  a schematic  of  the  control  circuit  , 


In  starting  the.  regulator  the  salting  of  the  control  should 
be  incr  eased  to  a point  at  whi  ch  the  regulator  continuously 
"hunts"  (i.e.,  motor  does  ncJ  esase  perating).  The  control 
should  then  be  !roacked-cf f 11  a small  amount  causing  the  regula- 
tor to  stop  hunting.  Fhm-rience  in  each  application  will  best 
determine  the  amount  tc  ' "backed- off. " 
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Control  Circuit  Veltara  neciilator 
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2.3.2  Range  Control 

The  setting  cl  the  control  on  the  left  front  panel  marked 
"Output  Voltage"  determines  the  nominal  output  voltage  of  the 
regulator.  It  is  severed  as  mentioned  above  under  "Sensitivity 
Control".  In  setting  the  output  voltage  reference  should  be 
made  to  the  voltmeter  ind_catu.cn.  Tne  range  control  should  oe 
set  so  that  the  desired  output  voltage  is  indicated  on  the  meter. 

1.3.3  Maintenance 

Routine  maintenance  will  consist  of  replacing  the  thyratron 
type  205C  tubes,  the  BU--1  voltage  sensitive  element,  and  the  small 
relays.  These  are  all  plug-in  components. 

1.3. 4 lx  the  regulator  appears  to  be  inoperative  or  operating  im- 
properly, the  following  steps  should  be  taken  in  the  coder  given? 

1.3. 4.1  Check  fuses. 

1.3.  h. 1.1  Incoming  iir.on 

- o 3 o 4 . * • J Brush  mead  lass  or  fuses  if  used  *vsee 
Figure  liP) 

1.3.1. 1.3  Control,  circuit  type  3 AC,  3 amps « , (see 
wiring  diagram  as  above.  If  pilot  light  is  "ON” 
this  fuse  is  good)s 

1.3. U.1.U  Motor  circuit  type  3AG,,  3 amps.,,  (see 
wiring  diagram  as  above.) 

1,3.4. ? Check  incoming  line  and  compare  with  nameplate  data. 

1.3. U.2.1  Voltage 

1.3. U-2c2  Frequency 
1.3»b»2i3  Number  of  phases. 

1.3. 4. 3 Replace  type  20^0  tubes  in  control  circuit. 

1.3 .4.4  Replace  BU-1  in  control  circuit. 

1.3. 4. 3  Replace  relays  in  control  circuit,, 

1.3. 4. 6 If  trouble  still  persists,  remove  the  control  circuit. 
This  is  accomplished  by  unscrewing  the  "hcld-in"  screws 
located  near  the  top  and  bottom  of  the  chassis.  The  control 
circuit  may  be  removed  by  pulling  i!  out  cf  its  mounting 
socket. 
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1.3oh»6.1  Set  the  control  circuit  aside* 

1o3oU.6.2  Locate  the  motor  terminal  board  mounted  on 
the  motor  mounting  plate  and  remove  the  three  motor 
connections  after  noting  their  position  so  that  /.-&= 
pl^c  may  b«  macis# 

1.3<U*6.3  Apply  113  volts  from  an  external  source  to 
the  black  and  green  leads  and  then  to  the  black  and 
red  leads  of  the  motor. 

I.3J4.6.U  It  should  be  possible  to  cause  the  motor  to 
turn  the  PGTERSTAT  3hafi  through  its  complete  range. 
This  iri.ll  change  the  output  voltage  of  the  regulator 
as  indicated  by  the  panel  voltmeter-  It  should  be 
possible  to  manually  select  the  proper  position  to 
give  the  desired  output  voltage  indicating  that  the 
motor  and  power  circuit,  are  in  proper  operating  con- 
dition. If  this  is  found  to  be  true  it  will  be  de- 
sirable to  obtain  an  exchange  control  circuit.  These 
exchange  units  are  available  for  innediaie  shipment 
from  the  manufacturer.. 

1.3.U.7  In  case  the  tests  performed  under  item  1.3»t‘.6  shw 
that  there  is  trouble  in  the  motor  or  power  circuit,  it  air. 
usually  be  found  quite  easily  if  reference  is  made  to  Figure 

2.0  Antenna  System 

2.1  Antenna  Mast 


The  motorized  masts  require  periodic  inspection  and  lubrication 
especially  after  adverse  weather  conditions. 

2.2  Receiving  Antenna  Assembly 

All  connections  should  be  peri cdically  inspected  and  cleaned  to 
prevent  corrosion. 
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